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Abstract 
Growth hormone (GH)，prolactin (PRL) and somatolactin (SL) are the 
hypophyseal members of the growth hormone super family. They are structurally 
related to each other and possess conserved cysteine residues and four conserved 
domains. The hormones are functionally diverse and both GH and PRL are involved in 
the regulation of a wide range of physiological functions including growth, 
osmoregulation, and reproduction. The precise physiological role of SL is still 
unknown although it is believed to be involved in reproduction, stress adaptation and 
maintenance ofhydromineral balance. As a first effort to clarify the structure-function 
relationships of the GH super family in fishes, GH, PRL and SL cDNAs were obtained 
from goldfish {Carassius auratus) and their mature hormone encoding portions were 
expressed in E. coli system. 
From a goldfish pituitary cDNA library, two different cDNA clones encoding 
for goldfish PRL were obtained. The coding regions of these clones are predicted to 
encode for an identical amino acid sequence with four silent mutations. The 3，-
untranslated regions of these clones show only 72% nucleotide sequence identity. The 
two genes each encoding goldfish PRL might have derived from recent gene 
duplication before the divergence of goldfish from other Cypriniformes. Genomic 
Southern blot analysis of goldfish DNA also demonstrated that there is a small family 
of two genes for PRL in the genome of goldfish. 
The mature peptide coding regions of the hormone (GH, PRL and SL) cDNAs 
were amplified by polymerase chain reaction and subcloned into pRSETA vector. 
Production of recombinant hormones in bacteria harboring the expression vector were 
induced by infection with a M13 filamentous phage cloned with an H^TG inducible T7 
polymerase gene. The affinity column purified recombinant hormones will be used in 
receptor binding studies. Results of this study illustrated the potential of using 
recombinant protein techniques to study the structure-function relationship of pituitary 
polypeptide hormones. 
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CHAPTER 1 Literature Review 
bitroduction 
The pituitary gland produces and secretes a number ofhormones which control 
a broad spectrum of metaboUc events in vertebrates. Based on their structures and 
functions, these hormones are classified into four groups: (1) the oxytocin-vasopressin 
family from the neurohypophysis, and, from the adenohypophysis, (2) growth 
hormone/ prolactin family, (3) gonadotropin/ thyrotropin family, and (4) the 
proopiomelancortin-related hormone family. 
Growth hormone (GH), prolactin (PRL) and somatolactin (SL), together with 
other non-hypophyseal origin peptide hormones, such as placental lactogen (PL, 
placental origin) and proliferin (PJJF, mouse cultured cell line origin; Linzer & 
Nathans, 1984), comprise the growth hormone super family. These polypeptide 
hormones show many structural and functional similarities. Growth hormone and 
prolactin are produced in somatotroph and lactotroph, respectively, of the anterior 
pituitary. Somatolactin is found, so far only in bony fish (Teleostean), to be produced 
in pars intermedia of the pituitary O^and-Weaver et al., 1991b). In fish, studies on 
growth hormone, prolactin, and somatolactin genes have shown that they share even 
some similarities in organization of their genes, and the expression of these genes may 
be subjected to the regulation by a pituitary specific transcription factor, PIT-1 protein 
(Chen et aL, 1994; Ono & Kawauchi, 1994). The structural similarities and 
overlapping functions among these hormones suggested to us that they evolved from a 
common ancestral gene by gene duplication following with further evolutionary 
divergence (Chen etal, 1994) (Fig. 1.1). 
In this chapter, the three hormones - growth hormone, prolactin and 
somatolactin are reviewed in terms of their biochemistry and physiology, with 
emphasis on their functions in fish. 
1.2 Overview of the Structures of GH, PRL and SL 
The primary structures of GH and PRL for non-mammalian species such as 
birds, amphibians, reptiles and fishes, and the primary structures of SL for several fish 
species have been determined (Chen et al., 1994). Other non-hypophyseal members 
within the family, i.e. PL & PLF, are also compared (Rand-Weaver et al., 1993). They 
all contain 4 conserved cysteine residues and 4 highly conserved regions. By aligning 
the conserved cysteine residues, conserved regions identified are designated as domain 
A^B,C&D(Fig. l .2) . 
j 
As established by the studies on human GH (Canova-Davis et aL, 1988) and 
chum salmon GH (Vestling et aL, 1991), 2 disulfide bridges are formed with the 4 
cysteine residues which are conserved among the hormones, resulting in 2 
corresponding loops - one large loop around N-terminus, and another small loop at C-
terminus (Fig. 1.3). The three-dimensional (3D) structure of recombinant porcine GH 
(Abdel-Meguid et al., 1987) and hGH ^)e Vos et al., 1992; Fig. 1.4) was studied 
using X-ray crystallography. These observations also revealed that the polypeptide of 
GH possesses 4 bundles of a-helical structures in an anti-parallel fashion, and, these a -
helices are located within the regions corresponding to the 4 conserved domains. 
These four helices exhibit amphiphilic character, with helix D being primarily 
hydrophobic (Fig. 1.5). It is believed that helixes A, B & C are arranged toward the 
outside ofthe GH molecules, whereas the helix D is believed to be located in the core 
(Abdel-Meguid etcd” 1987) because ofits hydrophobic nature. Base on the structural 
similarities mentioned above, these conformational features are possibly maintained in 
all members of the growth hormone super family. 
The amino acid sequences of PRLs of more than 25 species have been 
reviewed by Sinha (1995). PRLs have around 189-204 amino acids, with the 
exception of tilapia PRL2, which is about lOaa shorter (177 aa) (Yamaguchi et aL, 
1988). The most noticeable feature seen upon alignment is the lack of an N-terminal 
segment in teleost PRLs. This segment, caryying two conserved cysteine residues, 
presents in all tetrapods and lungfish, a primitive bony fish (Fig. 1.7) ORand-Weaver et 
al., 1993). Similar to GHs, there are three highly conserved domains, named A, B and 
D, identified in the PRLs. The C domain has a significant conservation within tetrapod 
PRLs, but not between tetrapod and teleosts PRLs (Chen et al, 1994). 
SL was named somatolactin due to its structural resemblance to both GH 
(somatotropin) and PRL (prolactin) since its cDNA was first discovered from the 
flounder pituitary cDNA library (Ono et al.，1990). The most distinctive feature of SL 
is the presence of two extra cysteine residues in the N-terminus, in addition to the 
large and small loops found in all vertebrate GHs and teleost PRLs, which is 
characteristic to tetrapod PRL ^Und-Weaver & Kawauchi, 1993) (Fig. 1.3 &1.8). 
I n d i v i d u a l a n c e s t r a l e x o n s 
JL 
A n c e s t r a l g e n e 
D u p l i c a t i o n and D i v e r g e n c e Z l \ 
G H P R L SL 
Fig. 1.1 Evolutionary model for the growth hormone gene family. 
According to the hypothesis, the ancestral gene was formed by the shuffling of five 
prototype exons and a regulatory element (R). Subsequent duplication and divergence 
of the ancestral gene generated GH, PRL and SL genes prior to the divergence of 
vertebrates. Following these events, other members of the family evolved from the 
three genes (adapted form Chen et aL, 1994). 
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Fig. 1.2 Four conserved domains in GH, PRL, SL and PL. These 
hormones are members of Growth hormone family. After alignment with their 
conserved Cysteine residues, four conserved domains (A, B, C and D) are found in 
their homologous regions. Within the conserved domains, they contain the potential 
helical structures. 
Domain Domain Domain Domain 
A B C D 
a 





Conserved Cysteine residues 
and domain specific to 
tetrapod PRLs & fish SLs conserved cysteine residue 
Fig. 1.3 DisuWlde linkages in GH and possibly PRL and SL. Hormones 
belong to the growth hormone super family contain the four conserved cysteine 
residues, which are believed of forming two disuKlde loops (linked up with lines as 
shown). Tetrapod PRLs and SLs possess the additional portion containing the N-
terminus cysteine residues, which is not found in GHs, fish PRLs and PL. 
Fig. 1.4 Schematic presentation of the human GH in nbbon model. Amino and 
carboxyl terminuses are labeled as N and C, respectively. The geometric positions of 
the conserved cysteine residues (Cys 53, 165，182 and 185) that forming two disulfide 
bonds are indicated (adapted from De Vos et al., 1992). 
- ! l - -
: i i i 
Edmundson wheel projection of human GH helix D (helix 4), 
helical conformation (tum frequency about four residues) based on 
Hydrophobic residues are black, neutral residues 
white (adapted from Scanes & Campbell，1995). 
Fig. 1.5 
assuming an 
procine GH crytallographic studies, 
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Fig.1.8 Multiple amino acid level alignment of Somatolactin (SL) of various fish species 
respect to Chum salmon SL. A hyphen (-) indicates that a gap was added to obtain maximum identity 
among various SL sequences; a period (.) indicates identical residues. The conserved cysteine 
residues are marked in red. Four highly conserved domains for SLs are highlighted and were defined 
by Chen et al. (1994). The sequences are SLs of Chum salmon. Cod，flounder (Takayama et al., 1991)， 
lumpfish (Iraqi et a/.,1993), sturgeon (Sogabe et «/.,1996)，catfish (Tang et al., 1993) and goldfish 
(Cheng et aL, 1996). 
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Fig.1.8 Multiple amino acid level aUgnment of Somatolactin (SL) of various fish species 
respect to Chum salmon SL. A hyphen (-) indicates that a gap was added to obtain maximum identity 
among various SL sequences; a period (•) indicates identical residues. The conserved cysteine 
residues are marked in red. Four higMy conserved domains for SLs are highlighted and were defined 
by Chen et al. (1994). The sequences are SLs of Chum salmon. Cod, flounder CTakayama et al, 1991), 






Physiological Significance of the Hormones in Teleost 
Growth Hormone 
Biological activities of the GH are well studied and established (reviewed by 
Strobl & Thomas，1994). GH regulates somatic growth through hypertrophy and 
hyperplasia as a result oftissue differentiation, cell proliferation and increased protein 
synthesis. GH also exerts metabolic effects by stimulating lipolysis and protein 
synthesis, to modulate carbohydrate metabolism and fluid-electrolyte balance. The 
metabolic effects of GH are thought to be exerted directly on target cells in adipose 
tissue, muscle, liver, and pancreas (Goodman, 1993). In mammals, it exerts many of 
its actions through insulin-like growth factor I (IGF-I). The same might be true for 
teleost GH, as fish IGF-Is have been studied, and GH is reported to increase the 
expression and production of IGF-I in Salmoniformes (Cao et aL, 1989; Funkenstein 
et aL, 1989; Shamblott & Chen，1992 & 1993). GH takes response of the adaptation 
of salmonids in seawater (Sakamoto et al., 1990; Collie et aL, 1989; Clarke et al” 
1977), by increasing the gill Nav^-ATPase activity and chloride cells in all these 
species (Boeuf et al., 1990; Madsen, 1990b,c), and this function was found to be 
independent of the hormone's influence on body size (Komourdijan et al.’ 1976; 
Clarkee/a/., 1977; Bolton etal, 1987; Madsen, 1990c;Grayera/., 1990). 
1.3.2 Prolactin 
The biological actions ofPRL in vertebrates are multiple and varied, including 
osmoregulation, reproduction, metabolism, behavior and mucus production (Bem & 
Nicoll, 1968). In teleosts, the major function ofPRL is osmoregulation in freshwater. 
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It is well established that PRL is important for euryhaline teleosts to maintain 
hydromineral balance in freshwater，and it prolongs the survival of hypothysectomized 
fishes in freshwater (Hirano, 1986). Tilapia is an euryhaline fish. Salmonids and eel 
are well known oftheir migrating behavior during their life cycles, between the ocean 
and rivers. They are the major fish models to study the biological actions of PRL. 
The PRL serum level in salmonids (Prunet et aL, 1985)，tilapia (Yada et al, 1994) and 
mRNA expression in eel (Querat et aL, 1994) were found increased after transferred 
from seawater to freshwater; on the other hand, when tilapia was transferred from 
fresh water back to seawater, the plasma level ofboth forms of prolactin (tiPRL 177 & 
188) were abruptly decreased (Auperin et aL, 1994)，and, when ovine PRL was 
injected into seawater adapted tilapia, it profoundly disturbed the hydromineral balance 
by inhibiting salt extrusion (Dharmamba & Maetz，1972; Dharmamba et al., 1975; 
Foskett et al” 1983). PRL may exert this function by inhibiting the activity of chloride 
cells, as their size and transport activities were reduced after prolactin treatment 
(Foskett et al, 1982; Hemdon et al” 1991). PRL also induced hypocalcemia, 
maintain plasma sodium level and stimulate mucus secretion (Hirano, 1986). These 
observations suggest PRL plays the important role in freshwater adaptation. PRL was 
also reported to stimulate growth injuvenile tilapia (Specker et al., 1985b) 
1.3.3 Somatolactin 
The physiological function of SL is still under investigation. It is produced in 
the pars intermedia, inwhich the producing cells is distinguishable from melanotrophs 
by Teriodic-acid-schifF (PAS)，stainning methods (Rand-Weaver et aL, 1991b). 
Histological studies also showed that these PAS-positive OPffAS) cells were activated 
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under conditions of black background (Ball & Batten, 1981)，acidic pH (Wendelaar 
Bonga et al” 1986)，low calcium (Olivereau et aL, 1981)，or low osmolarity 
(Olivereau etal., 1980) ofthe ambient water, and during the reproduction period (Ball 
& Baker，1969). This suggested to us that these cells might produce a hormone (or 
hormones) essential for adaptation to environmental changes, and SL may be 
responsible for this adaptation. 
In salmon, during the period of gonadal growth, plasma SL levels increased 
and reached to the peak levels at the time of final maturation and spawning in both 
sexes (Rand-Waever etaL, 1992). SL producing cells were also found to be enlarged 
in the early stage of gonadal development, and more granulated in spawning sockeye 
and chum salmons (Olivereau & Rand-Weaver，1994). SL could stimulate in vitro 
gonadal sterodogenesis ofcoho salmon (Planas et al., 1992). Gonadotropin releasing 
hormone (GnRH) neurons were also found of projecting on the SL producing cells 
(Parhar & Iwata，1994). In rainbow trout, elevation of plasma SL was reported to be 
associated with those of plasma cortisol, calcium, phosphate and glucose level 
(Kakisawa et aL, 1995). SL also stimulated phosphate reabsorption in a dose-
dependent manner in a winter flounder renal proximal tubule monolayer culture, 
whereas prolactin had no effect (Lu et al, 1995) 
Recent studies suggested that SL has a role of stress and environment 
adaptation in teleost. The plasma SL levels were found to be increased by stress 
(Rand-Weaver et al, 1993b; Kakisawa et aL, 1995) and darkened background (Zhu & 
Thomas, 1995). However, SL promotes no significant effect in aspects of somatic 
growth, such as increases ofbody weight and length (Ono & Kawauchi，1994). 
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In summary, the above observations suggest the physiological significance of 
SL to teleost in reproduction, osmoregulation & adaptation，and its precise function or 
mechanism ofactions require further investigation. 
1.4 Structure - Function Relationship and Receptor Binding Activities 
The relationship between structure and function has been the central dogma of 
understanding how biomolecules work and evolve. Early studies employed chemical 
and enzymatic modifications of the hormones, and their effects on bioactivities were 
investigated. The two disulfide bonds in human GH and C-terminal disulfide bond in 
bovine GH can be cleaved without losing their bioactivities (Dixon & Li，1966; Graf et 
al., 1975). In contrast, the integrity of the disulfide bonds is important for the full 
bioactivities of ovine PRL (Doneen et al, 1979) and human placental lactogen (PL) 
(Li, 1970). The disulfide bonds appear to stabilize the structure, as evidenced by the 
greater rate ofproteolysis of the modified hormone (Bewley et al., 1969). Moreover, 
from calculation ofthe hydrophobicity and flexibility (Chen et cd., 1994), the a-helical 
motifs within the conserved domains appear to be important for establishing a 
structural conformation that maintains hydrophilic amino acids at the surface of the 
folded molecule. 
The enzymatically digested fragments of human GH are capable of 
reassembling by noncovalent interaction Q i^ & Graf’ 1974，Goodman & Kostyo， 
1981). These reassembled complexes retain, but not all, the bioavtivities ofhuman GH 
(reviewed by Rand-Weaver et al, 1993a). Similar observations were also applied to 
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ovine PRL (Brik & Li，1978，Wong et al, 1981). Later studies employing site 
directed mutagenesis to delete or substitute the amino acid residues have given the 
versatile effects on the bioactivities ofGHs and PRLs (Binder et al” 1990; Chen et al, 
1992; Yang et al., 1993; Bartke et al., 1994; Chen et aL, 1991; Cunningham & Bass et 
al., 1990; review by Rand-Weaver et al., 1993a). Various bioactivites of GH and PRL 
may depend on the different interactions between hormone and its specific cell surface 
receptor. 
The human growth hormone (hGH) - human growth hormone binding protein 
(hGHbp, the extracellular domain of hGH receptor) complex was studied using 
crystallography and mutagenesis (De Vos et al., 1992; Cunningham et al.’ 1991). 
These studies found that the same surface of two hGH receptor molecules appeared to 
interact with two separating sites on one hGH molecule (Fig. 1.9; upper panel). The 
mutagenesis studies, using the mutated GH analogs that retain their native 
conformations, defined two important sites on the GH molecule for its binding to the 
GH receptors: Site 1 and Site 2. Site 1 includes the following regions : (i) a part of 
the center ofhelix A; (ii) the latter two-thirds of helix D; (iii) a short helical segment 
comprising residues 38-47，and; (iv) the random coil region between residues 55 and 
64 (Cunnningham et al, 1989; Cunningham & Wells, 1989). The site 1 was further 
established that replacing 8 amino acid residues (of site 1) in the homologous regions 
ofPRL with those of GH can increase the association constant for the binding ofPRL 
analog and GH receptor by a factor of over 10,000 fold, in which PRL does not 
normally bind to the GH receptor (Cunningham et al.，1990). On the other hand, 
another binding site, site 2，on the GH molecule was shown to include the extreme 
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Fig. 1.9 Functional epitopes for bonding of human GH (hGH) to the 
hGH receptor or the human PRL (hPRL) receptor . Upper panel: positions of alanine 
replacements that reduce binding ofhGH to the hGH bind protein by 2-4，4-10, 10-50 
folds and over 50 folds are shown by graduated symbols in either site 1 (solid circles) 
or site 2 (squares). The E174A mutant (open circle) enhances binding by 4 folds to 
site 1. Lower panel: positions of alanine replacements causing the reduction in binding 
affinity to the hPRL bonding protein of2-4, 4-10，10-80 folds and over 80 folds to site 
1 are shown by gradates symbols (solid circles). The ligand that coordinate Zinc ion 
are shown (adapted from Cunningham et al, 1994; Cunningham & Wells, 1991). 
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Fig. 1.10 Backbone structure of the hGH-(hGHbp)2 complex. The hormone is 
shown as yellow cylinders representing the heUces connected by red tubes. The four 
helices (A, B, C & D) are marked numerically according to the order of arrangement 
from the hormone N-terminus to C-terminus. The P strands of the binding proteins 
are shown in brown, the loops are green (hGHbp I) and blue (hGHbp E). The viewing 
direction is approximately down the four-helix bundle of hGH. In this orientation, the 
C-termini of the extraceUular domains, and therefore the cell membrane are at the 
bottom (adapted from De Vos et al., 1992). 
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A t U v e (Ag<irtisl) Inactive (Anl^gonlst) 
Fig. 1.11 Schematic representation of the possible mechanism of GH action, with 
GH binding to GH receptors and receptor dimerizations (adapted from Fuh et 
a/.,1992). 
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portion of N-terminus and the central region of helix C (Cunningham et al.，1991) 
(Fig. 1.9; upper panel) . Thus, GH and its receptors form a complex, there being also 
binding between the two GH receptor molecules (De Vos et al, 1992). 
It is believed that the dimerization of the 2 GH receptor molecules is necessary 
for GH to exert its biological effects (Fuh et al., 1992) (Fig. 1.10 & 1.11). Binding 
occurs sequentially to the higher affinity site 1 and then to site 2, as site 1 is larger and 
contains more sites for interactions (De Vos et al, 1992). However, addition of 
excess hGH to the hGH-(hGHbp)2 complex could dissociate the complex into 
monomeric ones, one hormone with one receptor molecule. This data indicated that 
the corresponding site(s) on the receptor for binding to the 2 sites are overlapping, and 
such binding behavior may account for the biphasic effect of GH on cell proliferation 
(Fuh et al” 1992) and lipogenesis (Ilondo et al” 1994). 
The a-helix C may also play a pivotal role in GH action. This helix does not 
present the perfect amphiphilic structure as 3 of the amino acid residues do not 
consistent with it (Fig. 1.12). Mutant bovine GH, with amino acid substitution that 
introduced the perfect amphiphilic structure to helix 3 (Gly 119 to Arg), was 
expressed in transgenic mice and resulted in dwarfism (Chen et al., 1991). This 
suggested to us that this GH analog was a functional antagonist for GH but the 
flexibility of this helix is required for the growth promoting activity of GH. In fact, 
Glyl 19 is conserved among all the vertebrate GHs ^"ig. 1.6). 
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Fig. 1.12 Axial projection of the helix C of bovine GH (109-126). The open 
boxes represents the hydrophilic amino acids and the shaded boxes represents the 
hydrophobic amino acids. Gly 119 is in a dotted box. The numerical values under the 
amino acids indicate the position of the amino acid residues and the values in the inner 
circle represent the relative hydrophobicity (adapted from Chen, 1991). 
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Recently, it is found that many metal ions have important roles in maintaining 
the bioactivities of GHs. Calcium ion (Ca^O is necessary for the binding of primate 
GH (but not subprimate GHs) to rabbit GHBPs (Bamard et al.’ 1988; Fix et al, 
1981)，the Ca2+ seemed to neutralize opposed negative charges, possibly from Glu 33 
in hGH to permit binding (Bamard et aL, 1988), as it is replaced by positively charged 
arginine residue in all characterized subprimate GHs (Nicoll et al, 1986). Thus, the 
positively charged Ca]+ crosslink the negative charges on both the hGH and 
subprimate receptors, while this electrostatic interaction was replaced by that of the 
subprimates between the positively charged arginine on the ligand and the negatively 
charged receptor. Divalent zinc ions (Zn^^) may also involve in pituitary storage of 
< .^ 
GH. Two GH molecules are capable of forming a dimeric complex with the Zn，i.e. 
Zn^ -^hGH2(Dattani et al, 1993; Wells & DeVos，1993). This complex is more stable 
than free hGH when subjected to denaturation (Cunningham et al, 1991). The amino 
acid residues His 18，His 21 and Glu 174 are the responsible ligands for binding of 
Zn2+ ion(s), as reported by Cunningham, et al (1990). The addition of Zn^ ,^ at 
physiological concentration, could increase the binding of hGH to hPRL receptor by 
8000-fold, and the substitution of the above residues by alanine ceased this binding 
effect (Cunningham et al” 1990). This result indicated that the three amino acid 
residues, which are located on the site overlapping with the receptor binding site 1 
(Fig. 1.9; lower panel), are responsible for the dimerization of the GH molecules and 
the binding of GH to PRL receptor, and suggested a molecular link between zinc 
deficiency and its association with altered functions ofhGH. 
The studies reported so far, however, have been limited to mammalian 
hormones, predominantly human GH and ovine PRL, and mainly focused on their 
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somatogenic and lactogenic effects. The same approach has not yet been applied to 
the studies ofosmoregulatory effects of the hormones, especially on teleosts. 
1.5 Aims ofThesis 
GH, PRL and SL are the hypophyseal polypeptide hormones that belong to the 
growth hormone super family. GH and PRL have been identified from many teleost 
species (for reviews, see Sinha, 1995; Rand-Weaver et al, 1993a). As revealed in 
previous studies on Atlantic cod GHs (Rand-Weaver et aL, 1991a)，tilapia GHs (Ber 
& Daniel，1993) and tilapia PRLs (Rentier-Delrue et al.，1989)，two genes for these 
two hormones are expected from goldfish. SL is a novel pituitary hormone which has 
been identified from some fish species, including salmonids (Takayama et al.，1991), 
seabream (Cavari et al, 1995), lumpfish, halibut (Iraqi et al, 1993 )，sole (Pendon et 
aL’ 1994), catfish (Tang et al., 1993) and sturgeon (Sogabe et al, 1996). Goldfish 
GH, PRL and SL has not been studied and identified. Particularly, SL has not yet 
been identified from Cypriniformes. The search of goldfish GH, PRL and SL would 
expand the pool of this hormones and provide implications for the understanding of 
the physiology and phylogeny of these hormones in teleost. Fish has been used as 
animal model in the studies of molecular genetics of early vertebrate development and 
is an exquisite model in the studies of osmoregulation OPowers, 1989). Carp and 
related species are valuable model for endocrinology studies OPeter & Marchant, 
1995). However, the molecular biology of GH, PRL & SL are not yet available in 
goldfish. As a first step towards using goldfish as a model to study the structural-
functional relationship among the three hormones, this thesis aims at (i) the 
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CHAPTER 2 General Methodology 
2.1 Materials 
SOB medium 
0.5% (w/v) yeast extract 





SOB agar plate 
15% (w/v) Agar in SOB medium 
NZY medium (for section 2.3.2) 
0.01% (w/v) NZ amine 
0.005% (w/v) yeast extract 
0.002% ( w / v ) MgSO4 
0.005% (w/v) NaCl 
NZY top agarose (for section 2.3.2) 
8% (w/v) agarose in NZY medium 
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NZY agar plate (for section 2.3.2) 






0.5M Tris-Cl pH 7.5 
20X SSC (for section 2.3.2) 
3MNaCl 
300mM sodium Citrate 
50X Denhardt's solution (for section 2.3.2) 
1% (w/v) polyvinylpyrrolidone OPVP) 
1% (w/v) ficoll 
1% (w/v) BSA 
50X Tris-Actate-EDTA (TAE) buffer (1 liter) (for section 2.2.3) 
242g Tris base 
57.1ml glacial acetic acid 
100ml 0.5MEDTApH8.0 
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pH adjusted to 8.5 with HC1 
10X Tris-Borate-EDTA (TBE) buffer (for section 2.2.3) 
108g Tris base 
55g boric acid 
40ml 0.5MEDTA pH8.0 
final volume adjusted to 1 liter 
6X Loading buffer (for section 2.2.3) 
lmg/ml bromophenol blue 
lmg/ml xylene cyanol 
20% (w/v) glycerol 
FSB solution (for section 2.3.3.1) 




3mM Hexamminecobalt chloride 
10% (w/v) glycerol 
pH adjusted to 6.4 with HC1 




final volume adjusted to 1 liter with distilled water 




100ml 5X TBE 
final volume adjusted to 500ml with distilled water 
Urea Mix solution (for section 2.4) 
233.5gUrea 
100ml 5X TBE 
final volume adjusted to 500ml with distilled water 
2.2 DNA manipulation methods 
2.2.1 Polymerase Chain Reaction (PCR) 
Five microliters (^il) of diluted cDNA template was taken for PCR 
amplification using a programmable thermal controller OPTC-100, MJ Research, Inc., 
Water Town, New York, USA). The reaction mixture, which was overlaid with 20^il 
mineral oil, contained the appropriated primers (25 pmole each), 1 X PCR reaction 
buffer (20mM 0^)2SC>4, 75mM Tris-Cl pH 9.0, 0.1% (w/v) Tween, Advanced 
Biotechnology, USA), 2mM of MgCk, 0.25mM of dNTP mixture and 2.5 units of 
ThermoprimePi^ DNA Polymerase (Advanced Biotechnology, USA) in a volume of 
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SQ x^l The amplification was carried out with 25 cycles of lmin of denaturation at 
94°C, 2min ofannealing at 50°C and 3min ofextension at 72X. The amplified PCR 
product was visualized 2% agraose gel electrophoresis using 5 l^l of the reaction 
mixture. 
2.2.2 Ethanol Precipitation of DNA 
DNA solution was mixed with 0.1 volume of sodium acetate (3M, pH 5.5) and 
2 volume of 100% ethanol. The DNA was precipitated at -20°C for 1 hour or at -
70°C for 15min. The precipitates were collected by centrifugation at 12,000Xg for 
20min at 4°C. The pellet was washed with 70% ethanol and dried in a SpeedVac 
(Savant Instruments, Inc.). The dried DNA was then dissolved in distilled water 
(autodaved). 
2.2.3 Agarose Gel Electrophoresis of DNA 
The volume of DNA sample was adjusted to 5-20^il with distilled water 
containing the 1 X loading buffer. The agarose gel was prepared by melting 0.8-
2.0%(w/v) agarose in IX Tris-Actate-EDTA (TAE) or Tris-Borate-EDTA (TBE) 
buffer. The hardened gel was placed into an electrophoresis tank containing 
electrophoresis buffer (TAE or TBE). Samples were loaded into appropriate wells 
and electrophoresis was performed at a constant voltage of20V or 80V. Afterwards, 
the gel was stained by submerging in ethidium bromide ^EtBr) solution (0.5^ig/ml) for 
15min and destained in distilled water for lOmin or longer. The stained gels were 
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visualized on a UV transilluminator and photography were taken with Polaroid camera 
in 667 or 665 black and white film. 
2.2.4 Sephadex G-50 Spun Column 
The Sephadex G-50 spun column chromatography was carried out according 
to Sambrook et al. (1989). The bottom of 1ml disposable syringe was plugged with a 
small amount of glass wool. The syringe, after filled with Sephadex G-50 and 
equilibrated in distilled water, was inserted into 15ml disposable plastic tube. The 
column was centrifuged at 1600Xg for 4 min at room temperature in a swing-bucket 
rotor in a bench centrifuge. More resin was added and the tube was re-centrifuged 
until the volume of the packed column was approximately 0.9ml and remained 
unchanged after centrifugation. The packed column was then equilibrated by addition 
of 0.1ml of distilled water and centrifuged as above. The equilibration was repeated 
until the volume of the effluent was equal to O.lml. After column equilibration, the 
volume ofDNA sample was adjusted to 0.1 ml and was applied to the column. A 
decapped microfuge tube was put in the disposable tube. Centrifugation was carried 
out as above, and the effluent was collected in the microfuge tube. The eluted 
contained the desalted DNA fragments and stored at -20°C. 
2.2.5 Nick Translation 
Nick translation labeling ofDNA probes was done using the Nick Translation 
Kit 0SF5OOO; Amersham). About 50ng of probe DNA to be labeled was dissolved in 
30^1 of distilled water and then mixed with 5 i^l of [a-^^P]CTP (lOmCi/ml, 
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Amersham), lO i^l ofreaction mixture (lOO^iM each of dATP, dGTP and dTTP in Tris-
HC1 pH 7.8, 2-mercaptoethanol and MgCl2) and 5 i^l of enzyme mixture (0.5 units/M<! 
ofDNA polymerase I and lOpg/^il ofDNAse I in Tris/^C1 pH 7.5, MgCl2, glycerol 
and BSA). The mixture was incubated at 15�C for 1 hour. The reaction mixture was 
then applied on a Sephadex G-50 spun column (section 2.2.4) to remove the un-
incorporated nucleotides. Prior to hybridization, the labeled DNA was denatured by 
heating in boiled water for 3min and then quickly chilled on ice for 2min. 
2.2.6 Small Scale Plasmid Preparation by Alkaline Lysis Method 
This method was adopted from Brinboim and Doly (1979) with some 
modifications. A single transformed colony was transferred to 2ml of CRCLEGROW 
(CG medium; BI0101, Inc., USA) medium containing AmpicilUn (lOOM.g/ml). The 
culture was incubated overnight at 37°C with vigorous shaking and then transferred to 
a microfuge tube for extraction. Cells were collected by centrifuge and the pellet was 
suspended in lOOpil of Solution I (25mM Tris-Cl pH 8.0, lOmM EDTA, 0.9% [w/v] 
glucose, lOO i^g/mi RNase A). The cells were then lysed at room temperature by 
addition of 100 .^1 of Solution II (1% [w/v] SDS, 0.2N NaOH) and gentle inversions, 
foUowed by addition of lOO i^l solution III (3M Potassium Acetate, pH 4.8). The 
content in the tube was mixed by gentle reversions and was incubated on ice for 5 
minutes. The chromosomal DNA and cell debris were then removed by centrifugation. 
Absolute ethanol (lml) was added to the clear supernatant and the plasmid DNA was 
precipitated at -20�C for 10 minutes. The pellet of plasmid DNA was then washed 
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with 70% ethanol and dried in a SpeedVac (Savant Instruments, Inc.). The dried 
DNA was then dissolved in 30^il distilled water and stored at -20�C. 
2.2.7 Large Scale Plasmid Preparation Using Magic™ Maxipreps DNA 
Purification System (Promega) 
Ovemight culture which was grown from a single colony of plasmid 
transformed cells was inoculated into 500^il of CG medium containing Amplicillin 
(lOOM,g/ml). The culture was allowed to grow 5 hours and then collected by 
centrifugation at 14,000Xg for lOmin. The cell pellet was suspended in 15ml of Cell 
Resuspension Solution (50mM Tris-Cl pH 7.5, lOmM EDTA, lOO i^g/ml RNAse A), 
and then 15ml of Lysis Solution (0.2M NaOH, 1% SDS) with gentle mixing until 
complete lysis, followed by the addition of 15ml of Neutralization Solution (1.32M 
Potassium Acetate pH 5.3). The supernatant was collected by centrifugation and then 
was mixed with 45ml of absolute isopropanol followed by 0°C incubation for 15min. 
The precipitated DNA was collected by centrifugation and dissolved in 2ml of distilled 
water. Suspension of Magic Maxipreps DNA Purification Resin (Promega) (lOml) 
was added to the DNA solution. The mixture was transferred to a Magic Maxicolumn 
(Promega) and the supernatant was drained by vacuum suction. Column Wash 
Solution (12ml; 80mM NaCl, 8mM Tris-Cl pH 7.5，2mM EDTA, 60% ethanol) was 
added to wash the resin and then drained by suction, followed by one wash with 5 ml 
of 80% ethanol. The resin was completely dried by applying suction for 15min. 
Preheated distilled water (70°C, 1.5ml) was added to the resin for 5min to elute DNA 
using brief centrifugation. 
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2.3 DNA Cloning Methods 
2.3.1 Blunt-end Ligation of PCR Product to pUC18 Vector 
2.3.1.1 Preparation and Transformation ofJF. coli (JM109) Competent Cell 
The following method was adopted from Sambrook, et al (1989) with some 
modifications. E. coli strain JM109 F was streaked directly from a frozen stock onto 
the M9 minimal agar plate and was incubated at 37�C overnight. Single colony was 
transferred to 5ml SOB medium and incubated ovemight. Fifty milliliters (ml) of SOB 
medium was inoculated with 5ml ovemight culture. The culture was grown at 37°C 
until ODeoo reached 0.4. The cells were chilled on ice for 15min and collected by 
centrifugation at 1000Xg for 15min at 4°C. The cell pellet was then suspended in 
20ml ice cooled FSB solution and was incubated on ice for 15min. The cells were 
collected by centrifugation as before and then suspended in 4ml ice cooled FSB 
solution, incubated at 0°C for 15min. Aliquots (200^il) of cell suspension were 
distributed into liquid nitrogen chilled tubes and then stored at -70°C. 
Prior to transformation, the frozen competent cells were thawed on ice. DNA 
solution was then mixed with the cell suspension and incubated on ice for 30min 
followed by 42°C heat-shock for 90 seconds. The cell suspension was then added with 
1ml pre-warmed SOB medium and then incubated at 37°C for 30min. Cells were 
collected by microcentrifuge and then resuspended in 30^il SOB medium. The 
transformed culture was spread on SOB/Amp agar plate and incubated at 37°C 
ovemight. For alpha-complement selection by detection of P-galactosidase activity, 
20pl of isopropyl-l-thio-b-D-galactoside (n>TG, lOOmM) and 5-Bromo-4-chloro-3-
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indolyl-b-D-galactoside (X-gal, lOOmg/ml) solutions were co-spread with the 
transformed culture. 
2.3.1.2 Recovery of DNA from Agarose Gel Using the Sephaglas Bandprep Kit 
(Pharmacia Biotech) 
After electrophoresis, DNA fragments were located by EtBr staining and then 
recovered from TAE agarose gels by using Sephaglas™ Bandprep Kit (Pharmacia 
Biotech). Slice ofagarose containing the DNA fragment was weighed and added with 
Gel Solubilizer (6M NaI, 50mM Tris-Cl pH 8.0，0.05% Na2SO3, lOmM CDTA; l^il 
per mg ofgel slice). The gel was then incubated at 60°C for 15min to dissolve the gel 
slice. Afterward, the solution was chilled on ice for 5min and then mixed with 5^1 
Sephaglas BP suspension (Pharmacia) and incubated for 5min. The Sephaglas was 
collected by centrifugation and then was washed with 40^il ofice cooled Wash Buffer 
(6mM Tris-Cl pH 8.0, 0.3mM EDTA, 0.03mM NaCl, 70% ethanol). After a toalof 3 
washes in Wash Buffer, the Sephaglas was air dried and the DNA fragment was 
eluted by addition of20^il o f 6 0 � C TE buffer (lOmM Tris-Cl pH 8.0，lmM EDTA). 
The eluate with DNA was inspected with an aliquot on agarose gel and stored at -
20°C. 
2.3.1.3 Kinasing Reaction 
Desalted PCR product (23 .^1) was kinased in a 30^il reaction containing 50mM 
Tris-Cl pH 7.5, lOmM MgCl2, 5mM DTT, lOpM ATP, 20pM spermidine and 10 units 
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ofT4 polynucleotide kinase (Pharmacia). The reaction mixture was incubated at 37°C 
for 1 hour. Afterward, the kinased product was purified on 2% TAE agarose gel. The 
gel portion containing the kinased product, which was identified after EtBr staining, 
was sliced out and the DNA was recovered using the Sephaglas Bandprep Kit 
(Pharmacia). 
2.3.1.4 Klenow Fill-in Reaction and Ligation ofDNA Fragments 
Kinased DNA (lljil) was added in a 20^1 Klenow fill-in reaction. The 20 ,^1 fill 
in reaction mixture contained the kinased DNA (about lOOng), 50 mM Tris-Cl pH 7.6， 
lOmM MgC12, lmM ATP, 2.5mM dNTPs, 5mM DTT, 25% (w/v) PEG-8000 and 2 
units ofDNA polymerase I Klenow fragment. The reaction mixture was incubated at 
i50C for 1 hour. It was then heat-treated at 65°C for lOmin and then chilled on ice. 
For the ligation reaction，O.lp<g ofSma I cut pUC18 dephosphorylated vector, 2[x\ of 
lOmM ATP pH 7.0 and l^il ofT4 ligase (1 unit/|il) were added to the heat-treated fill-
in reaction mixture. The mixture was incubated at 15°C overnight. The ligated 
plasmid was used to transformed the E. coli JM109 competent cell. 
2.3.2 Screening of Lambda Phage cDNA Library 
Host cells (E. coli strain XLl-Blue MRF', Stratagene, USA) were grown 
overnight at 30°C in CG medium supplemented with 0.2% maltose (0.45M-m 
membrane filter) and lOmM MgSO4 . The culture was collected by centrifugation and 
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then suspended in lOmM MgSO4 to the final ODgoo of 0.5. The host cells suspension 
was stored at 4°C. 
2.3.2.2 Phage Stock Tittering 
The titer of the library was determined by plating on NZY agar plates 
(150mm). The phage stock was diluted in serial dilution with SM solution (O.lM 
NaCl, lOmM MgSO4, 50mM Tris-Cl pH 7.5, 0.01% [w/v] gelatin) by a factor often. 
One microliter (l^il) each ofthe diluted cDNA library were mixed with 200^il ofXLl-
Blue MRF' host cell suspension and was incubated at 37°C for 15min. Molten NZY 
top agarose (3ml) at 50°C were mixed with 1ml of the diluted phage suspensions and 
then poured onto NZY agar plate. The plates were incubated at 37°C for 6-8 hours. 
The number of the plaques was counted and the titer of the phage shock was 
calculated according to the dilution factors. 
2.3.2.3 Plaque Lifting and Fixation on Nylon Membranes 
After tittering, the goldfish cDNA phage library was used to infect the host 
cells and were plated out on NZY agar plates at a density of about 2 X 10^ plaque 
forming unit (pfu) per plate. The plaques were lifted onto nylon membranes filters 
(Hybond-N, Amersham) in duplicate for each plates. The membranes were treated in 
denaturation solution (for 2min), neutralization solution (for 5min), then 2X SSC (for 
30sec), by placing phage-side-up on pads of3MM filter papers which were previously 
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soaked in those solutions. The phage DNA was fixed on the membrane by UV cross-
linking for 3min in a DNA Transfer Lamp (Fotodyne，Inc.). 
2.3.2.4 Library Screening by Hybridization 
The nylon filters fixed with the phage DNA were prehybridized for 1 hours at 
650C in 5X SSC, 0.5% SDS, 5X Denhardt's solution and lOOp<gAnl sonicated calf 
thymus DNA (Pharmacia). They were then hybridized in the same mixture containing 
radioactively labeled hormone specific cDNA probe overnight at 65°C. The 
membranes were subjected to low stringency washes (2X SSC, 0.1% SDS) at 65°C 
and autoradiography (Kodak X-Omat). Plaques corresponding to the positive signals 
were picked and stored in SM buffer with 0.3% chloroform at 4°C for further 
purification. Secondary screening aimed at plaque purification was performed 
following the same procedures ofthe primary screening. Plaque-purified clones were 
then prepared for in vivo excision. 
2.3.2.5 In vivo Excision 
In vivo Excision was carried out using EXASSIST™/SOLR™ System 
(Stratagene, USA) with sHght modifications. XLl-Blue host ceU suspension (0.4 ml, 
OD6oo = 0.5) was mixed with 0.2ml phage stock of interest and 1 ml R408 helper 
phage (>1 X 106 pfu/ml) (Stratagene). Five milliliters (5ml) of CG medium was added 
to the infected culture followed by 37°C incubation for 3 hours with shaking. 
Afterward, the culture was heated to 70°C for 20min. Supernatant was saved after 
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centrifugation as the stock ofpBluescript phagemid packed in filamentous particle. To 
plate the rescued phagemid, 10ml ofphagemid stock was mixed with 400ml XLl-Blue 
host cell (ODeoo = 0.5). The transformed hosts were plated on CG/Ampicillin agar 
with X-gal and EPTG. White colonies on the plate would contain the pBluescript 
double stranded phagemid with the cloned cDNA insert. 
2.4 Nucleotide Sequence Determination using Dideoxy Nucleotide Chain 
Termination Method 
Sequencing of DNA was proceeded using the T7 Sequencing™ Kit 
(Pharmacia). Plasmid (6^ig) carrying the insert of interest was denatured in 0.4M 
NaOH at 65°C for lOmin. The denatured DNA was collected by ethanol precipitation 
followed by dissolving in lO^d distilled water, and then proceeded to the sequencing 
reaction described by Sanger et al” 1977. Two microliters (2^U) each of Annealing 
Buffer ( lM Tris-Cl pH 7.6，100mM MgCl2, 160mM DTT) and primer solution (about 
3^iM) were added and incubated at 60�C for 5min, followed by incubations at 37°C 
for lOmin and room temperature for 5min. 
For the labeling reaction, 3 i^l ofLabeling Mix A (L375pM each dCTP, dGTP 
and dTTP, 333.5mM NaCl), l^il of [a ,S]dATP solution (Amersham) and 2\i\ T7 
DNA polymerase (1.6U/M.1, Pharmacia) were added to the annealed DNA template 
solution. The mixture was incubated at room temperature for 5min. After incubation, 
4 5|^ 1 ofthe labeling mix was transferred into each of four pre-warmed Mix Solutions 
A,C,G and T (2.5^il each; see Materials), and incubated at 42�C for 5min. Finally, 5\x\ 
ofStop Solution (0.3% each Bromophenol Blue and Xylene Cyanol FF, lOmM EDTA 
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pH 7.5, 97.5% formamide) was added to terminate the reaction. The reaction 
mixtures were then loaded in a 7M urea polyacrylamide gel (6 or 8%) for 
electrophoresis. The 6 or 8% gel were prepared according to the following table: 
8% Gel 6% Gel 
20% Acrylamide solution ~ 2 0 m i ~ " ~ ~ r i m i ~ " 
Urea Mix solution ~ ~ 3 0 r r U ~ ~ 3 ^ m i ~ 
10% Ammonium Persulfate 0.25ml~~ 0 .25ml“ 
TEMED ~ 5 M ~ ~ i i ^ i ~ 
The gel was cased on a Sequei-Gen Sequencing Cell (BioRad Laboratory Inc.) and 
electrophoresis was performed at 40W constant power. The gel was dried using a 
vacuum gel drier at 8 0 � C for 2-4 hours before autoradiography (BioMax film, 
Kodak). 
2.5 Protein methods 
2.5.1 Bicinchoninic Acid (BCA) Assay 
Protein content of a sample was determined with the Bicinchoninic Acid 
(BCA) Protein Assay Kit (Pierce) according to the manufacturer's instructions. A set 
ofprotein standards ofknown concentrations were prepared by diluting the BSA stock 
solution (2mg/ml in 0.9% NaCl). The Working Solution was prepared by mixing 
reagent A (BCA solution) and reagent B (4% Copper Sulfate solution) at a ratio of 
50:1. Standard or sample (O.lml) was mixed with 2ml ofWorking Solution and then 
9 3 
incubated at room temperature for 2 hours. After incubation, the absorbance at 
562nm of each sample was measured against water blank reference. A calibration 
curve was deduced according to the absorbance of the standards, and based on the 
calibration curve, protein concentrations of the samples were determined. 
2.5.2 Sodium Dodecyl Sulfate-PoIyacrylamide Gel Electrophoresis (SDS-
PAGE) 
SDS-PAGE was performed with the Mini-PROTEAN II electrophoresis cell 
(BIO-RAD laboratory, Inc.) or the Sturdier Vertical Slab Gel Unit, model SE400 
(Hoefer Science Instruments). The 15% resolving gel solution (0.375M Tris-Cl pH 
8.8，15% [w/v] acrylamideA)isacrylamide solution, 0.1% [w/v] SDS, 0.03% [w/v] 
ammonium persulfate and 0.025% TEMED). The gel solution was poured into the 
casting unit of the electrophoresis apparatus followed by addition of a layer of water 
to flatten the surface. After polymerization, the water layer was removed and the 5% 
stacking gel (0.125M Tris-Cl pH 6.8，5% [w/v] 30:0.8 acrylamide^isacrylamide 
solution, 0.1% [w/v] SDS, 0.026% [w/v] ammonium persulfate and 0.001% TEMED) 
was pour into the casting unit. The volume of the protein samples were adjusted to 
15p,l with water and added with 15 i^l o f2X SDS loading buffer . The samples were 
boiled for 5min and then loaded into the wells. Electrophoresis was performed in at 
30mA constant current until the bromophenol blue reached to the bottom of the gel. 
After electrophoresis, the gel was immersed in Coommassie-Blue staining solution 
(0.1% Coommassie Brilliant Blue R250, 25% methanol, 10% acetic acid and 0.1% 
Cupric Acetate) for 5 hours. The gel was destained by soaking in 10% acetic acid 
overnight. 
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CHAPTER 3 Isolation and Characterization ofcDNA Clones for Goldfish 
Prolactin 
3.1 Introduction 
Genetic information are carried by DNA sequences inside the nucleus of the 
eukaryotic cell. However, the DNA is relatively chemical inert and the information is 
retained and expressed indirectly by the synthesis of specific messenger ribonucleic 
acid (mRNA). The proteins translated from mRNAs in tum regulate and maintain the 
chemical, physical and physiological properties of the cell. DNA complementary to 
the mRNA sequences could be synthesized by the process known as reverse 
transcription using reverse transcriptase. Sequence of mRNA is then characterized by 
determining its complementary DNA (cDNA). 
A goldfish pituitary cDNA library was constructed as a bacteriophage library. 
In principle, the cDNA library is a pool of DNA molecules possessing all the 
information originated from the expressed mRNAs. As growth hormone (GH), 
prolactin (PRL) and somatolactin (SL) are predominantly expressed in the pituitary, 
cloning ofthe hormone specific cDNAs will start from the screening ofthis library. 
A probe with high specificity is required to identify these hormone cDNAs. 
Thus, probe design and synthesis becomes the most critical part of library screening. 
By adopting the reverse transcription polymerase chain reaction ^lT-PCR; Frohman et 
al.’ 1988) methods and using the hormones specific primers, the homologous copy of 
the hormone cDNA is obtained. PCR products were cloned and served as a sensitive 
and specific probe for library screening. 
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In this thesis, the DNA probes for the goldfish PRL is obtained by RT-PCR. A 
search of goldfish PRL cDNA from the library is done with this probes. Screening of 
the cDNA library for GH and SL was done in collaboration with Dr. K.L. Yu (Dept. 
of Zoology, University of Hong Kong). Some experiments of this study, such as 
primary screening ofthe library and PCR ofpartial cDNA probes, were performed at 
Dr. K.M. Chan's laboratory (Dept. of Biochemistry, Chinese University of Hong 
Kong). The GH work also yielded a clone encoding for SL. The results of studies on 
goldfish GH and SL are included in this thesis for discussion purposes. 
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3.2 Methods 
3.2.1 Preparation of Hormone Specific DNA Probes by PCR Cloning 
The partial cDNAs encoding the hormone polypeptides were amplified by 
polymerase chain reaction (PCR) using the hormone specific primers, from the first 
strand cDNA pool which was prepared from the goldfish pituitary mRNA, using the 
hormones specific primers. The primers were designed from the reported hormone 
cDNA sequences from carp species (listed in Table 3.1). 
The PCR product was purified on agarose gel and blunt-end ligated to pUC 18 
Sma I cut vector (Pharmacia). The positive plasmid clone was introduced to E. coli 
jM109 cells by transformation. The cDNA inserts were released by restriction enzyme 
digestion (BamH I and EcoR I), resolved and rescued using Sephaglas Bandprep kit 
(Pharmacia). The recovered cDNA fragments was then subjected to radioactive 
labeling (with [a-^ ^P]dCTP, Amersham) using Nick Translation Kit (Amersham). 
Table. 3.1 List ofPCR Cloning Primers for amplification of the mature hormone 
coding regions. Primers sequences are designed according to the 5，and 3，ends ofthe 
mature peptide coding regions ofthe reported cDNA sequences. Restriction enzyme 
digestion sites are added to their 5，regions which facilitate the cloning of the PCR 
products Restriction enzyme digestion sites are: GGATCC : BaniR I site; GAATTC : 
EcoR I site. GH5'and GH3'are primers for gfGH; CCPRL5' and CCPRL3，for gfPRL. 
P r i m e r Nucleotide sequences Position ~ " R e f e r e n c e s “ 
OTV 
GH3' 
5, -GTGGATCCGCATCAGACAACCAGCGGCTCT-3 ‘ ~ 
5' -ATGAATTCCCTACAGGGTGCAGTTGGAATC-3 ‘ 
86-107,~" 
578-598, 
Chang & Liu 
et ai., 1992 
CCPRL5' 
CCPRL3' 
5,"GTGGATCCATCAATGGTGTCGGTCT-3 ^  
5' -GTGAATTCTAACACATCTCAGGTCT-3 ‘ 
91-107,""• 
646-663, 
Chang et a l . , 
1992 
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3.2.2 Construction of goldfish Pituitary cDNA Library 
The cDNA library was provided by Dr. K. L. Yu (Dept. ofZoology, University 
of Hong Kong) and prepared from goldfish purchased from local market. Fifty 
pituitaries were collected from sexually maturing goldfish of both sexes for the 
construction of cDNA library. Total RNA were extracted as described by 
Chomczynskl and Sacchi (1987) with modifications. Polyadenylated RNA (poly-A+ 
RNA) was separated from total RNA by two cycles ofbinding to oligo(dT)-cellulose 
(Jacobson. 1987). Five [ig ofpurified poly-A+ RNA from the goldfish pituitary gland 
was used as template for cDNA synthesis (cDNA Synthesis Kit, Stratagene, USA). 
Double-stranded complementary DNAs were blunt ended and ligated to an EcoR I 
adapter. The cDNA was kinased and digested with restriction enzyme, EcoR I, and 
then was ligated into a modified lambda phage vector (Uni-AP XR, stratagene, USA) 
at the EcoR I and Xho I sites and packaged. The goldfish pituitary cDNA library was 
constructed with the primary titer of 1.4 X 10' pfu/mg of poly(A+) RNA, with over 
930/0 ofrecombinant phage to non-recombinant phage (Cheng, 1996). 
3.2.3 cDNA Library Screening for Hormone Specific cDNAs 
Recombinant bacteriophage from the goldfish pituitary cDNA library was 
screened for the hormone specific cDNAs. Approximately 4.8 X 10^  plaque forming 
unit (pfu) were infected to the host ceUs and were plated out on NZY agar plates at a 
density ofabout 2 X lO^pfu per plate. The plaques were fixed onto nylon membranes 
filters OHybond-N, Amersham) in duplicate for each plate. These membranes were 
then probed with labeled cDNA probes and hybridization was performed as described 
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by Sambrook, et al. (1989). After washing with 2X SSC, 0.1% SDS at 65�C，the 
membranes were exposed to X-ray films (X-Omat, Kodak) overnight at -70°C. 
Secondary screening was performed under the same conditions. The plaque purified 
clones were then prepared for In vivo excision. 
3.2.4 Restriction Enzyme Digestion of the cDNA Clones and Subdoning of the 
Digested Fragments 
pBluescript plasmid harboring the cDNA, as the product of in vivo excision, 
was prepared either with alkaline mini-preparation method or Magic™ Maxiprep DNA 
purification system (Promega). About 5mg of purified plasmid was digested, either by 
single or in combinations of, restriction enzymes (5U for each enzyme). Digestion was 
proceeded at 3 7 � C for 1.5 hour. Digested DNA was then resolved by 2% TAE 
agarose gel electrophoresis. The resolved fragments were recovered from the gel 
using Sephaglas Bandprep kit (Pharmacia) and proceeded to blunt-end pUC18 cloning 
procedures. Undigested cDNA fragments which attached to the original plasmid were 
also recovered from the gel, and subjected to ligation reaction for self-recirculation. 
These subclones were propagated in JM109 F’ cells and prepared using the M a g i c ™ 
Maxiprep DNA purification system fPromega). 
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3.2.5 Nucleotide Sequences Determination using Dideoxy Nucleotide Chain 
Termination Method 
Determination of nucleotide sequences of the cDNA clones were performed 
with the dideoxy nucleotide chain termination method as described in chapter 2. The 
pBluescrpt plasmid contained the cDNA clones were digested with restriction enzymes 
and the DNA fragments were blunt-end ligated to pUC18 vector. Primers were 
designed according to the partial sequences of the cDNA clones (Table 3.2) determine 
nucleotide sequences on both strands. 
Table. 3.2 Sequencing primers used in nucleotide sequence determination ofthe 
goldfish Prolactin cDNA clones, gfPlA and gfP8A. Remarks: numbers in the 
parentheses state the nucleotide positions for priming on each cDNA clone. 
Primer Identity Nucleotide Sequence Remarks 
PRLF1 5' -CACACATCCTCTCTTCAG-3' Sense, gfPlA (247-250) gfP8A (252-245) 
PlDEF 5‘-AGTGATCAGAAATGCTT-3 ‘ Sense,gfPlA(731-747) 
P8Dff 5 ‘ -AGT GAGT GAT CT GAAAA- 3 ‘ Sense, gfP8A (736-752) 
PRLR2 5'-GGTTTTATCCTGGCCGAG-3' Anti-sense, gfPlA(535-552) gfP8A(540-557)~~ 
PRLR3 5'-TCACTGCTCTGCCATTT-3' Anti-sense, gfPlA(719-735) gfP8A(724-740)"““ 
"f5 5 ‘ -AATTAACCCTCACTAAAGGG- 3 ‘"““ pBluescript intemal sense primer 
lf7 5 • -AATACGACTCACTATAG- 3 ‘ pBluescript intemal anti-sense primer 
Universal primer 5‘-GTAAAACGACGGCCAGT-3 ‘ pUC18 intemal primer for subcloned fragment 
Reverse primer 5' -GGAAACAGCTATGACCATG-3' pUC18 intemal primer for subcloned fragment 
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3.2.6 Southern Analysis of the Goldfish Genomic DNA 
Genomic DNA was purified from flesh muscle of a goldfish according to the 
method of Blin and Stafford (1976) as modified by Scott, et al (1995). Goldfish 
genomic DNA (10 or 45 i^g) were digested with 50U of restriction enzyme at 37°C for 
5 hours, followed by another addition of enzyme to digestion overnight. Four 
separated reactions were set up for different restriction enzymes (EcoR I，BamK I， 
Hind III & Xba I). The digested DNA were concentrated by ethanol precipitation and 
was resuspended in 30ml ofdistilled water. The DNA samples were then resolved by 
lo/o TBE agarose electrophoresis at 20V constant voltage. Migration of DNA size 
markers was marked after EtBr staining prior to blotting. Undigested genomic DNA 
was also included for comparison. The agarose gel was then submerged in 0.25N HC1 
for 15min, denaturation buffer (see section 2.1) for 30min, and neutralization buffer 
(see section 2.1) for 30min. Afterward, DNA was transferred to nylon membrane 
(Hybond-N, Amersham) by capillary transfer in 10X SSC as described by Sambrook et 
al, (1989). Hybridization was performed in Rapid-Hyb buffer (Amersham) with 
prehybridization (15min at 65°C) following by hybridization at 65°C for 2 hours with 
the relevant hormone cDNA probe. The blot was washed in low stringent conditions 
(2X SSC，0.1% SDS, 65°C) and exposed to X ray film (X-Omat, Kodak) for 4 days. 
3.2.7 Northern Blot Analyses of Goldfish Pituitary Total RNA 
Goldfish pituitaries were dissected from pre-spawned (maturing) and post-
spawned (regressed) fish of both sexes. Sample from 7 to 11 fishes were pooled 
together for RNA purification (Chomczynskl and Sacchi, 1987). Samples ofgoldfish 
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pituitary total RNA (20 mg per lane) containing EtBr were resolved on a 
formaldehyde agarose denaturing gel as described by Davis et al. (1992), RNAs were 
transferred and fixed onto a nylon membrane (Hybond-N，Amersham) by capillary 
transfer in 10X SSC. Hybridization was performed in Rapid-Hyb buffer (Amersham) 
with 15min prehybridization at 65°C following by hybridization at 65°C for 2 hours 
with the appropriate hormone cDNA probe. The blot was washed in low stringency 
conditions (2X SSC, 0.1% SDS, 65°C) and exposed to Kodak X-Omat film for 4 
hours to detect hybridization signals. 
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3.3 Results 
3.3.1 Screening of the Library and Characterization of the Clones 
3.3.1.1 Analyses ofthe cDNA Clones 
Duplicate filter lifts of plaques on ten plates (40,000 plaques per plate) were 
probed with the PCR product of gfPRL and the positive signals given were at a 
percentage of about 4.6% of total plaques. Four randomly selected positive clones 
were further plaque-purified and their phagemids (pBluescript SK[-]) were excised. 
These clones were analyzed with restriction enzyme mapping. One ofthem showed a 
pattem ofdigested fragments with additional Hind III and Pst I sites (P8 in Fig. 3.1) 
whereas the other clones without showing any Hind III site but an extra Rsa I site (P1, 
P5 & p7 in Fig. 3.1). The two clones, PlA and P8A, representing these two cDNA 
clone types were further determined on both strands to have their fuU length 
nucleotide sequences with overlapping subclones. 
The complete nucleotide sequences of the cDNA insert from PlA (1076 bp) 
and P8A (1103 bp) are shown in Fig. 3.4 and their maps of restriction enzyme 
digestion sites were shown in Fig. 3.2. Their 5，untranslated regions are almost 
identical, except 5 bases were deleted from the clone PlA. They encode a single open 
reading frame, and based on the reported sequences of another Cypriniformes, bighead 
carp (H. nobils，Chang et al., 1992), these two clones were found to encode the same 
precursor polypeptide comprising 23 amino acid (aa) of signal peptide and 187 aa of 
mature hormone. Four silent mutations (nucleotide) were found within the translated 
region (at nt positions 336，576, 624 & 660，with respect to the sequence of clone 
PlA) in a transversional manner (PlA and P8A, Fig.3.4). The 3，untranslated regions 
(UTRs) are very similar with 72% sequence identity. Putative polyadenylation signals 
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(AATAAA) are found on the 3'UTRs ofboth clones, three for PlA (nt. 806，836 and 
846) and two for P8A (nt. 854 and 887). Interestingly, except the extra 
polyadenylation signal o fP lA (nt. 806)，the other two (at nt. 836 & 846 ofPlA, and 
nt. 854 & 887 ofP8A) were located on almost the same positions on their respective 
clones. Moreover, on both ofthe 5，end ofthe 3，UTRs, a segment of 40 nt. are found 
to be identical. 
A cDNA clone named V12, which gave a false positive signal while screening 
for the GH cDNAs, was found encoding the goldfish somatolactin (SL). Its nucleotide 
sequence was determined (Cheng et aL, 1996). V12 (834 nt.) possesses one open 
reading frame beginning from the first nucleotide (nt 1)，ending with a stop codon, 
TAA (nt. 690)，and a polyadenylation signal (AATAAA) which is located at nt. 787. 
Base on the reported SLs of other fish species (Takayama et aL, 1991; Iraqi et al., 
1993; Cavari et aL，1995; Pendon et aL, 1994; Tang et aL, 1993), V12 is predicted to 
encode a polypeptide comprising a 23 aa signal peptide and polypeptide of 207 aa 
(Fig. 3.5). 
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Restriction mapping ofthe goldf!sh PRL clones 
> �0' 
0々 ％、<^  <^  <l^  
> �� 
0々 ％、4> <^  <l^  
Rsal Pstl BamUl + HindllI 
Fig 3 1 Restriction enzyme digestion maps of four goldfish prolactin 
cDNA clones: PlA, P5A, P7A & P8A. The pBluescript plasmids carrying the cDNAs 
were digested with restriction enzymes, in single with Pst I or Rsa I, or in combination 
of BamU I and Hind III. pBluescript plasmid without insert was served as control 
sample. Digested DNA fragments were resolved with 1.5% TAE agarose 
electrophoresis. Clone P8A showed the different pattem from the other clones. 
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Fig.3.2 Sequencing strategy of the two goldfish PRL cDNA clones, PlA and P8A. 
Positions and direction of the designed primers are shown as block arrows. Positions of the 
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Fig. 3.3 Diagrammatic presentation of goldfish hormone cDNA clones. Precursor 
polypeptide regions are presented as blocks. Mature hormone and signal peptide coding regions are 
presented as white and red blocks respectively. Restriction sites are mariced with sticks. Putative 
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g 3 5 Complete nucleotide and amino acid sequences of goldfish 
Somatolactin (gfSL) cDNA clones, V12. It encodes the signal peptide (aa -23 to-l) 
and mature hormone (aa 1 to 207). The stop codon (TAA) is donated with an asterisk 
(*). Putative polyadenylation signal (AATAAA) is underlined. 
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-22 M«t: A2.M Arg Ala L«u VaX L«u L«u S«r Val Val L«u ATG GCT AGA GCA TTA GTQ CT6 TTA TCG CTC GTO CTG 
S - " " „ 一 � « — —C«c CCTOAOC^  ：： 二: ：； ^1 二 - ~ 二 ；： ~ ;= 二 
^ = i ; s - ^ s ; s s ^ j s S ; s ^ = ^ ^ g ; ? $ ^ i ? i 3 3 ? 5 ? ? ? ^ ? ? ^ ? ^ ? ? 
1= 二: 二: 7mr A.I A.n Gln Arg L«u Ph. A.n A.n XX. Val !!• Arg VaX Gln Hi. Leu Hi. Gln L-u VaO. 8«r L«u X*_u Vml A»n 
Lya Mat 11« Asn Asp Pha 
AAA ATG ATT AAC GAC TTT 
L«u Sar Lys I1_ Ph« Pro Lau Ser Ph« Cy» Aan CTG ACT AAA ATC TTC CCT CTO TCT TTC TGC AAT 
8mr JUp Tyr I1« TCT GAC TAC ATC 
Tyr 
CUu Ph* GAG TTC 
Lya Z1« Ph« Pro L«u 8mv Ph« Cy» A*n 
p”� Thi. Qlv Lv. AsD Glu Thr GJ.n Lys S«r Sw M«t L«u Ly. L.u L«u Arg V«1 Smr Ph« Arg L*u Ila ^^ C 1^ ^  121 ^ ? ^  1» CAG iJ[o AOC TCT ATG TTO AJM5 CTT CTT CCC GTC TCT TTT CGC CTT ATT A:T --C --C :-- —C ---Pro Thr Gly Ly A.p Glu Thr Gln Ly S«r 8.r M*t L.u Ly. L.u L«u Arg lXm S.r Ph. Arg L*u !!• 
90 100 Cln Thr L.U 5mv Gly Thr V.1 S«r Asn Smr Vu Thr V.1 Cly A.n Pro Amn Oln !!• Thr Glu Ly. J^ u 2^ IcC ^ G 二 ^  Icc OTC TOl AAC AOC CTG ACC GTC GOC AAC CCC AAC CAO ATC XCT G^ AAG CTG 
Smr Cln Thr L«u Smv Gly Thr V«1 S«r hmn L*u Thr A3.a Gly Aan Pro Asn Cln 11翁 Thr Olu Ly« Lau 
i i : = ^ i i = = = ^ i i s i i s = % ; ^ s : 5 2 ¥ ? s : ? ? ^ 5 ? ^ ¥ ? 5 ? 5 S g S ¥ 
Z;: Z;; „.t Cly II. A^ n V.1 L-u II. Ly. Oly «.r L.U A.p Gly Oln P~ *»" "« 切梦紅«> *«" *印‘““““‘^“‘“ 
二二二 ]：^二二認盟芸二巧^^2^二二 ¥ ? ? ^ |笠 ? ? 5 ? ? ? ^ ? ?巧 ? ? ? ^ ? $ 
Zl 二 ；；； 二 : 二 a； 二 二 二 二 *r9 Glu S.r »h. *r, L-u L . U *1. Cy- Ph. Ly. Ly. A-p M.t Hi. Ly. VI 
Thr Tyr Lau Arq V.1 Ala Asn Cy. Arg Arg S.r L.u A>p S«r Kmn Q^ *hr 
-C ^  TTC ^  «T ^  ^t T^ ^  ^ !« Ill ™ ™ ~ ™ ™ ：：： … 一 … 一 
Thr ^ r L.u Arg V^ Ala A>n Cy. Arg Arg S.r L«u A>p S.r A>n Cy. Tt 
二 二 二 二 : ， - ， 」 : : : 2 ^ ^ : ， 二 二 二 二 二 二 
‘TTTATTCTTCTCA«aGa»eTeCTCAG»A*TTAA*OCCOMCCTTTJUUUWMTG*AAOOCTATA*C: :*CTTCACAOIGCICSCTA*GCAATTT .T_T K TT T : A-:--T:--: ： --： ： -TG-T : : :_: • 
二：！^！^ ！^^！；：！！！二^ ！^？？！！；^二二^：^^^^^’二二：，二二：丄 
： : - : T : : 〜 — 『 = ” 二 : : 二 二 : ! ! 二 : 二 ! 1 ^ 二 二 二 二 二 1 ^ = 二 ： 
j^ T A'XGXC : : —A—CA • - • • w 
CCATCCC(A)n (A)n 
Fig 3 6 Nucleotide and amino acid sequences of gfGH I and II cDNA. 
Both cDNAs contain the signal peptide, aa -22 to -1，and the mature protein, aa 1 to 
188. Only non-homologous nucleotide and amino acid residues are given in gfGH II. 
The stop codon TAG is represented by an asterisk (*), whereas dots (:) in the non-
coding region are the gaps added to obtain maximum identity. The putative 
polyadenylation sequence, ATTAAA, is underlined (adapted from Law et a l , 1996). 
56 
3.3.1.2 Cross Hybridization Reactivity 
To a certain extent, the three hormones shared identities in both the nucleotide 
and amino acid sequences, the cross hybridization activities of the probes to the 
hormone cDNAs were examined by following the same hybridization conditions of 
library screening. The result, as shown in Table. 3.3，reveals that the probes, basically， 
did not give the positive hybridization signal with cDNAs other than its own. 
Table. 3.3 Cross hybridization reactivities of the DNA probes used in library to 
the hormone cDNA clones. Purified cDNA clones were fixed on nylon membranes 
and hybridized under the same conditions of library screening with various probes: 
gfGH, gfPRL and cfSL, which are the RT-PCR products of goldfish GH, PRL and 
catfish SL cDNA respectively, and V12 the complete cDNA of goldfish somatolactin. 
Tested clones include the complete cDNA of GH (gfGH II)，PRL ( P l A ) and 
somatolactin (V12) from goldfish, and the mature peptide coding region of catfish 
somatolactin (cfSL). (+): showed hybridization reactivity; (-)： showed no 




PlA V12 cfSL 
gfGH II mature peptide coding region + - “ N D ~ ~ -
gfPRL mature peptide coding region - + - -
gfSL(V12) cDNA complete sequence - - + “ N D “ 
cfSL mature peptide coding region - - ND + 
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3.3.2 Genomic Southern Blot Analyses 
cDNAs encoding goldfish growth hormone (gfGH II coding region), goldfish 
PRL(P8A), and somatolactin (V12) were used as probes to hybridize with goldfish 
genomic DNA, in order to study the number ofgenes for the hormones. The result of 
goldfish genomic southern blot analyses for the three hormones are shown in (Fig. 
3.7). In both ofthe analyses probed with cDNA clones, gfGH II and P8A, two strong 
bands of sizes over 12 kilobases (kb) were observed for the EcoR I and BamR I 
digested samples. The results suggested that there are probably two genes for these 
two hormones. 
For the gfGH analysis, three-band pattern is observed in the Hind III digested 
fragments (6，2 & 1.3kb) in addition to the two strong signals (>12 kb), a weak band 
ofabout 2.5 kb is observed in the EcoR I digested fragments. The three-band pattem 
is also observed in the Xba I digested fragments (>20, 8 & 3kb). 
For the gfPRL analysis, the five-band patterns were observed with the Xba I 
digested samples (6.5，3.1，2.9, 2.8 & 1.5kb) and Hind III digested samples (6.8，4.5， 
2.3，1.7 & 1.5kb). For DNA digested with 5awH and EcoR I, there are mainly two 
bands with sizes of 10 kb to 20 kb in length, but an additional weak band (8.5kb) is 
observed for BamK I treatment. 
For the analysis probed with gfSL (V12), the Xba I digested fragments about 
3.5kb in length gives one strong band signal, two weak signals for Hind HI (about 5.5 
and 3.0)，three for EcoR I digestion (>20，8.1 & 1.6kb) and probably three for BamH I 
digestion (7. lkb and two >20kb). 
These results suggest that there are two genes for goldfish GH and PRL and 
likely to have two SL genes in the goldfish genome. 
58 
Fig 3 7 Genomic southem analysis of the goldfish genomic DNA. 
























































































































































































3.3.3 Gene Expression of the Pituitary Hormones - Northern Blot Analyses 
The expression ofthe three hormones were studied with northern blot analysis. 
The expression ofP-actin mRNA was also examined to verify the loading and transfer 
ofthe RNA samples. The northem blot fixed with goldfishes pituitary and brain total 
RNA was probed with the hormone specific cDNAs and p-actin cDNA (Fig. 3.8). 
RNA samples from both sexes of sexually maturing and spawned (regressed) fish were 
involved. As revealed by the autoradiograms, the hormone mRNAs were expressed in 
pituitary but not in brain. There were no significant changes in pituitary expression of 
P_actin mRNAs, growth hormone and somatolactin mRNAs among sexes and 
reproductory stages. 
However, the expression ofPRL mRNAs seemed varied. The mRNA levels 
seemed to be reduced after spawning in both sexes. Greater level of regression was 
detected in male fishes. In addition, two forms ofPRL mRNA (about lkb and 1.2kb) 















































































































































































3.4.1 Cross Hybridization Reactivities of the Probes to the Hormone cDNA 
Clones 
The nucleotide sequences ofthe probes were also compared to the full length 
sequences ofthe hormone cDNA clones (Table. 3.4). The result of comparison agrees 
with the hybridization test that those combinations which gave the positive 
hybridization signals generally share over 80% identity. Before the cDNA clone V12 
was discovered, cDNA ofcatfish SL (cfSL) was used as a probe to screen the phage 
library for goldfish SL, but it was unsuccessful (data not shown). The reason may be 
that cfSL share only 63% nucleotide sequence identity with V12 cDNA despite they 
share some common feature in their conserved domains (i.e. A, B and D). 
Table. 3.4 Nucleotide sequence identities (%) of the DNA probes to the cDNAs 
ofhormones. The DNA probes are: gfGH, gfPRL and cfSL, which are the RT-PCR 
products of goldfish GH, PRL and catfish SL cDNA respectively, and V12 the 
complete cDNA of goldfish somatolactin. The nucleotide sequences of the DNA 
probes are compared to that of hormone DNA clones include the complete cDNA of 
GH (gfGH I and II)，PRL (PlA and P8A) and somatolactin (V12) from goldfish, and 
the mature peptide coding region of catfish somatolactin (cfSL). 
complete cDNA 
gfGHI gfGfflI PlA P8A V12 cfSL 
gfGH II mature peptide coding region 82 100 53 53 51 53 
gfPRL mature peptide coding region 52 52 99 100 52 51 
gfSL(V12) cDNA complete sequence 53 53 54 54 100 62 
cfSL mature peptide coding region 53 54 54 54 63 100 
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3.4.2 Structural Analyses of the Hormone cDNA Clones 
3.4.2.1 Growth Hormone 
Two cDNA clones encoding two distinct gfGHs were discovered and 
characterized OLaw et aL, 1996). The nucleotide and deduced amino acid sequences 
are shown OFig- 3.6). They possess the common putative polyadenylation signal 
(ATTAAA) with GH cDNAs ofthese carp species (Cheng et a l , 1992; Chao, 1989; 
Koren et al., 1989). Based on the reported GHs of other carp species, a signal peptide 
of22 amino acid (aa) and a mature GH polypeptide of 188 aa are predicted from these 
two GH cDNA clones. 
Duplicate filter lifts ofplaques on four plates (20,000 plaques per plate) were 
probed with the PCR product ofgfGH, showing the positive signals at a percentage of 
about 10.3% ofthe total plaques screened (Law et a l , 1996). The representation of 
cDNAs in the goldfish pituitary cDNA library constructed is estimated by cloning of 
major pituitaty hormones which were relatively abundant in the pituitary gland. 
Growth hormone is produced by the somatotrophs in the anterior pituitary (Framer et 
al., 1976). Cloning and characterization of goldfish growth hormone cDNAs (Cheng 
et al., 1996) reflect the success ofthe construction of a representative pituitary cDNA 
library in goldfish. 
The isolation of two goldfish GH cDNAs encoding two different GHs is 
consistent with the isolation of two distinct GH polypeptides from other teleosts, 
including common carp OCoren et al., 1989;Chao et a l , 1989), Atlantic cod (Rmd-
Weaver et al., 1991), chum salmon (Kawauchi et al., 1986)，eel (Yamaguchi et aL, 
1987) and yellowtail (Kawazoe et aL, 1988). Remarkably, the gfGH I-coded 
polypeptide, similar to the other carp species (Cheng et aL, 1992; Chao, 1989; Koren, 
65 l ! , , j : 
et al, 1989), contains 5 cysteine residues (aa positions 49, 123, 161， 178 and 186) 
which are universal in the reported carp GH sequences. In contrast, gfGH II-coded 
polypeptide lacks the Cys-123 which was substituted by a serine residue. 
It has been suggested that the unpaired cysteine residue found in GH I may 
promote oligomer formation during protein refolding when it was expressed in E. coli 
CBuchner & Rainer，1991; Fine et al” 1993). Disulfide-linked dimeric GHs were 
identified in higher vertebrates and exhibit growth promoting and lactogenic activities, 
but with different extent (reviewed by Baumann ,1991). It is likely that the gfGH I 
polypeptide, with an extra unpaired cysteine residue, differs from GH n in both 
conformation and biological activity. 
Nucleotide sequence comparisons among GHs of goldfish and common carp 
^Coren et a l , 1989; Chao et a l , 1989) showed that the coding regions ofgfGH I and 
gfGH n are closely related (95 & 92%，respectively) with their corresponding 
counterparts of common carp GH cDNAs. Moreover, when the 3’ untranslated 
regions are compared (Table. 3.5), the sequence identity of the corresponding pairs 
(gfGH I to ccGH I ； gfGH II to ccGH II) is higher (83 & 88% respectively) than of 
cross-type comparison (i.e. GH I to GH II; 72% both). It is likely that the origins 
which GH I and GH II emerged from were different during evolution. The prototypes 
ofGH I & n genes might have been established prior to the divergence ofgoldfish and 
carp. 
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Table. 3.5 Percentage of Sequence Identities of the Coding Region of cDNA, 3， 
Untranslated Region (Underlined) of cDNA, and Predicted Amino Acid Sequences 
^^arentheses) of Growth Hormones in various Carp Species. The 3，untranslated 
region was defined by the nucleotide sequence between the stop codon (TAG) and the 
polyadenylation signal (ATTAAA). gf-goldfish; cc-common carp; sc-silver carp; bh-
bighead carp; gc-grass carp (adapted from Law et al., 1996). 
gfGHn ccGHI ccGHn scGH bhGH gcGH 
9 3 ^ 9 5 M 95 72 93 69 93 69 93 70 gfGHI 
(94) (95) (97) (93) (94) (94) (Chengetal., 1996) 
93 72 92迎 92 69 92 69 92 70 gfGHn 
(94) (97) (93) (93) (93) (ChengetaL, 1996) 
95 76 92 70 92 70 92 70 ccGHI 
(96) (92) (92) (92) (Korenera/.,1989) 
94 71 ~ 9 4 7 2 ~ 94 72 ccGHn 
(95) (96) (96) (Chaoera/.,1989) 
99 99 99 98 scOT “ 
(99) (99) (Changefa/..1992) 
99 98 bhGH 
- (100) (Changefa/.,1992) 
g ^ 
(Changera/.,1992) 
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3.4.2.2 Prolactin 
Prolactin is highly conserved among Cypriniformes, i.e. carps and goldfish, as 
shown in Table. 3.6. The goldfish PRL aa sequence shares sequence identities of95-
97% with other carp PRLs, 70-74% with salmon and eel PRLs, and only 65% and 
570/0 with tilapia PRLI and II respectively. For amino acid sequence of mature 
hormones portion, the goldfish PRL shows 86-99% sequence identities in comparison 
with other PRLs of Cypriniformes, 58% with Salmoniformes, 54% with eel 
(Anguilliformes) and only 58% with the two tilapia PRLs (Perciformes). However, the 
3’ UTR is not so well conserved as the mature peptide coding region, that the 
sequence identities of 3，UTRs, even among the Cypriniformes, are only 53-60% with 
respect to PlA 3，UTR. 
The two goldfish PRL cDNA clones possess the highly conserved mature 
peptide coding regions but different 3’ UTRs. Two forms ofPRL were also reported 
from tilapia ^lentier-Delrue et aL, 1989)，but they have distinct amino acid sequences. 
Alternative form ofPRL cDNA has not yet reported from other fish species. It is likely 
that this two cDNA were arisen from different genes owing to their substitutions in the 
coding region and the differences in their 3’ UTRs. 
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Table. 3.6 Sequence comparison ofgoldfish prolactin to various fish species with 
respect to the nucleic acid sequence identity oftheir mature hormone coding regions 
(Coding region), 3，untranslated regions ofcDNA (3’ UTR) and sequence homology 
between the predicted amino acid sequences (a.a. seq.). The values are presented as 
percentage ofhomology or identity to goldfish PRL cDNA PlA. The 3，untranslated 
region was defined by the nucleotide sequence between the stop codon (TAG) and the 







Goldfish QPlA) 100 100 100 Present study 




92.8 96.8 60.7 Chao etaU 1988 
Bighead Carp 90.0 95.7 60.8 Changg/g/.,1992 — 
口 屋 
Silver Carp 85.1 
94.7 53.5 Changg/fl/., 1992 
r 
Eel 54.3 70.2 (<2) Queratgfa/.,1994 
Chum salmon 58.2 73.4 (<2) Prokopenke et a l , 1991 
Rainbow trout 58.4 73.9 14.4 Mercier etal, 1989 
Chinook salmon 58.2 73.4 (<2) Xiong etal, 1992 
TilapiaPRLI(188) 54.5 64.9 18.7 Rentier-Delrue et al., 1989 
TilapiaPRLII(177) 36.1 57.4 21.9 Rentier-Delrue etal., 1 9 8 ~ 
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3.4.2.3 Somatolactin 
The V12 encoding polypeptide was aligned to SLs of Atlantic cod and chum 
salmon (Takayama et aL, 1991), lump fish and halibut (Iraqi et al.，1993), sea bream 
(Cavari et al.’ 1995), sole (Pendon et al.，1994)，catfish (Tang et a l , 1993) and 
sturgeon (Sogabe et a l , 1996). Seven cysteine residues were reported to be conserved 
among these SL sequences, except catfish SL, with six cysteine residues (see Fig. 1.8 
in chapter 1). V12, similar to catfish SL, possesses the six conserved cysteine residues 
which are characteristic to all SLs (Cys 5,15, 64，179，196 & 204 respect to V12), but 
the extra cysteine is substituted by lysine at the position equivalent to chum salmon 
Cys-42. 
The gfSL is varied from other SLs doned (Table 3.7). It shares 62% amino 
acid sequence identity with catfish SL, and less than 40% with other species. But with 
respect to the conserved domains, they share the higher amino acid sequence identity 
(60% for domain A, 82% for domain B, 60% for domain D). The goldfish SL has 
diversified from other fish SLs, as it shares low level of sequence identity with them. 
j 
But the three domains have been significantly conserved, and may take responses of 
the specific roles of the SLs. Moreover, SLs of salmons, lumpfish and sturgeon 
contain an conserved unpaired cysteine residues (Fig. 1.8; Cys 42 of Chum salmon) 
which is not found in goldfish and catfish SLs. Two types of SL may exist as in the 
case of gfGHs. Its worth to note that the 3, UTRs are extremely varied among the 
reported SL cDNAs ofvarious species, with less than 2% identities to that ofgoldfish 
SL. This suggests that the SL genes are highly diversified. Recent studies conducted 
by Kawauchi (1996) postulating the presence of SL or SL-like hormones in tetrapods. 
In fact, SL cDNA was isolated from sturgeon, a chrondrostean, which was diverged 
70 
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during the course of early Actinoptergian evolution (Sogabe et al., 1996). The 
ancestral gene of SL might have been established in this early stage ofevolution. 
Table. 3.7 
species with 
Sequence comparison of goldfish somatolactin (V12) to various fish 
respect to their nucleic acid sequence identity of their mature hormone 
coding regions (Coding region) and sequence homology between the predicted mature 
hormone amino acid sequences (a.a. seq.). Values are presented as percentages of 






Goldfish (Vi2T 100 100 Chengg/g/.,1996 
, ^ ^ _ ^ ^ _ ^ ^ B ^ ^ H I ^ ^ M d ^ M H M M ^ M H 
Catfish 45.7 62.4 TmRetal., 1993 
Sturgeon 39.5 57.4 Sogabe et a l , 1996 
Sole 38.0 56.6 Pendon et al., 1994 
Halibut — 37.7 56.1 lT2LQietaL, 1993 
Seabream 37.3 54.0 Cavari，etal. 1995 
Flounder 36.9 56.2 Takayama et a l , 1991 
Chum salmon 36.5 57.4 Takayama et a l , 1991 
Cod — 35.9 58.8 Takayama et a l , 1991 
Lumpfish 35.7 55.5 Iraqi, etal, 1993 
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3.4.3 Secondary Structure Prediction 
Conserved domains were identified in vertebrate GHs (Kawauchi & Yasuda， 
1989), PRLs (Chen et aL, 1994) and fish SLs (Chen et al., 1994). Following the 
routine of MacVector™ sequence analysis software, the secondary structure of the 
three goldfish hormones were predicted with the Chou-Fasman method (Chou & 
Fasman, 1974) and Robson-Gamier method (Gamier et al., 1978). The result of a 
search for potential helical structure are shown in Fig. 3.9. For the four hormones, i.e. 
goldfish GH I & II’ PRL and SL(V12), the predicted alpha helical structures mainly 
cluster around four separated regions (Table. 3.8). It is shown that they are located 
within the regions corresponding to their conserved domains. Although these two 
methods can only give the possible, not the precise, secondary structure prediction, 
but, with certain extent, they are reliable methods for rough predictions base on the 
primary amino acid sequence, as the prediction result for the human GH helical 
structures following the same routine matches with that ofX-ray crystallography (data 
not shown). Ideally, the methods should be used in conjugation with biochemical (e.g. 
sequence similarity with known protein) and, more accurately, biophysical information 
about the protein (e.g. CD spectrum and X-ray crystallography). 
When the three goldfish hormones (GH I & II，PRL & V12) are aligned with 
their conserved cysteine residues, it is found that the D domains are the most alike 
regions (Fig. 3.10). They share the amino acid sequence identities over 58% to each 
other, with more than 10 identical residues (Table. 3.9). As revealed by the 
crystallographic studies of porcine GH (Abdel-Meguid et al., 1987) and human GH 
(de Vos et a l , 1992)，domain D states in the core of the protein and possesses certain 
essential amino acid residues for receptor binding (see chapter 1). It is reasonable if 
72 
R'-
this domain is conserved along evolution as to preserve the structures and 
physiological fiinctions of the hormones. 
# 
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Table 3.8 The cluster regions ofpredicted a-helices and the flanking regions of 
conserved domains of the goldfish hormones. The prediction of a-helices was 
made mainly from the results using Robson-Gamier method (Gamier et al., 1978), 
with reference to the Chou-Fasman method (Chou & Fasman，1974). The 
conserved domains were defined by Chen et al (1994). gfGH I and II are goldfish 
growth hormone I and H; gfPRL is goldfish prolactin; gfSL is goldfish somatolactin. 
Alpha helixes Clustering regions (aa) 
gfGHI 1440 62-83 107-127 150-176 
gfGHH 14>40 62-83 ~107 -120 ~ 1 5 0 - 1 7 6 
g fPRL~ 8 ^ 55-95 ~ 1 0 6 - 1 3 0 150-180 
~ " ^ ~ 1848 80-100 ~~125-150 ~ 1 8 0 - 1 9 5 ~ " 
Conserved Domains (respect to goldfish hormones) 
A B C D 
~ C T 12-28 45-85 ~" 107-126 ~ 1 4 9 - 1 8 0 
~ P R L 1-29 46-87 89-127 ~ 1 5 0 - 1 7 8 
SL 15-39 71-105 ~118-145 ~ 1 7 2 - 2 0 4 
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Fig. 3.9 Prediction of the potential a-helix, P-sheet and tums of the goldfish 
hormones, Growth hormone I and U (gfGH I & II)，Prolactin (gfPRL) and 
Somatolactin (gfSL). Prediction were made with the Chou-Fasman method 
[CF](Chou & Fasman，1974) and Robson-Gamier method piG](Gamier et al., 1978), 
following the routine of MacVector^^ sequence analysis software (version 4.5). 
Predicted results agree in both methods are combined and presented as CfRg. The X-








R R R -
 f  f  f 
O O Q n - B n c c c 9 J n p n w u ^
 f u e p u 0 0 9 s 
















i 、 i ^ i
 ^ 
Fig.3.10 Amino acid sequence aHgnment of the goldfish hormones respect to goldfish 
growth hormone I (CAGH I). Conserved cysteine residues are mariced in red. Residues of the 
same(identical) and with hig^ level homologies (homologous) are mariced in pmple and green 
respectively. Residues of lower level homologies are marited in gray or munariced. Abb. CAGH I 
and n- goldfish growth hormone I and H; GFPRL- goldfishprolactin; V12- goldfish somatolactin. 
Table. 3.9 Amino acid sequence identities (%) of the domain D among the 
goldfish hormones: growth hormone (gfGH), prolactin (gflPRL) and somatolactin 
(gfSL). Numbers ofidentical amino acid residues are shown in the parentheses. 
gfSL (aa 179-186) 
gfGH(aal61-186) 
66.7% (14) 
58.3% (10) 66.7% (12) 
gfPRL (aa 160-187) gfSL (aa 179-186) 
77 
3.4.4 Genomic Southern Analyses 
The result of genomic southern blot analysis probed with gfGH II show that 
there are two large BamH I bands (>12 kilobases), suggesting the presence oftwo GH 
genes. As revealed by the gfGH I cDNA sequence, there is a Hind HI site in the 
I 
middle ofthe coding region and thus a three-band pattern is observed in the Hind HI 
digested fragments. Moreover, there is an EcoR I site in the 3，end of the coding 
region of gfGH I giving an additional weak band of about 2.5 kilobases (kb). Xba I 
site is not found in both the gfGH cDNA clones, but the three-band pattem is also 
observed in the Xba I digested fragments. This result indicates that one GH gene is 
represented by the 8-kb band, whereas two weak bands represent a split of another 
gfGH gene, probably at its intron. 
The analysis probed with gflPRL cDNA ^>8A) also suggests the presence of 
two distinct goldfish PRL genes. For DNA digested with BamH and EcoR I, there are 
mainly two bands with sizes of 10 kb to 20 kb in length, whereas Hind III and Xba I 
digestion gave 5 and 6 smaller gene fragments, respectively. There are one Xba I site 
found for each gfPRLs eDNAs (PlA and P8A), whereas P8A least one site for H M 
III in its' 3' UTR. These result indicated that there are at least one gene and likely to 
have two genes for gfPRL in the goldfish genome. 
For the analysis probed with SL probe (V12), the Xba I digested fragments 
about 3.5kb in length gives one strong band signal, two weak signals (about 5.5 and 
3 0) for Hind III digested fragments, three for EcoR I digestion and probably three for 
BamH I digestion. In the V12 cDNA, one Hind III site is found but none for BamH I, 
EcoR I and Xba I. The Hind III and Xba I patterns suggest the existence of single 
SL gene in the genome, where H M III digestion splits the gene into two fragments of 
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5.5 and 3.0 kb. However, the three-band patterns ofEcoK I and BamH I digestion 
suggest the presence of more than one SL gene. If it is the case of single gene, the 
three-band pattem may caused by the split ofthe gene at their intron positions; on the 
other hand, there might be presence oftwo highly conserved SL genes than the Hind 
III site and the structure ofthe gene is preserved. However, as mentioned in previous 
section, distinct types of SL might exist and one of them seems to be characterized 
with an unpaired cysteine in addition to the six conserved cysteine residues. The 
presence oftwo SL genes seems reasonable, as they may encode two different SLs in 
goldfish. 
Goldfish and common carp were reported to be polyploids, as duplicated 
genes were found in these two species (Larhammar & Risinger, 1994; Uyeno & 
Smith, 1972). GH gene duplication due to tetraploidy of ancenstry has been 
suggested in common carp (Scott et aL, 1985) and several salmonid fishes 
(reviewed by Law et et. 1996). Genomic Southern analyses have suggested the 
presence oftwo small gene families for goldfish GH, PRL and SL. The discovery 
of two sets of gfGH and gfPRL cDNAs further supports this point, which 
suggesting the event of genome duplication in goldfish. Whether there is another 
SL gene is uncertain but it is likely to be true, perhaps, as a result of genome 
duplication. 
3.4.5 Pituitary Expression of Goldfish Hormone mRNAs 
The autoradiogram ofnorthem blot analysis probed with p-actin cDNA (zebra 
fish) shows the similar intensities in all the four RNA samples from the goldfish 
pirtuitaries, suggesting that the RNA samples were comparable and the expression 
level ofthe GH and SL mRNAs, which were revealed by the analyses probed with the 
hormone cDNAs, did not change significantly before and after spawning. 
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The PRL mRNAs expression reduced after spawning in both sexes. It seems 
that PRL plays a role during the reproduction period and its production reduced 
following the regression ofthe gonads. PRL was reported to affect the nesting and 
parental behavior and mucus secretion ofSymphysodon discus, a cichild fish in which 
the mucus serves as a nutrient for young hatchlings (Blum & Fiedler，1964), as well as 
the maintenance of seminal vesicles of male fish and the reduction of toxic effect of 
estrogen (reviewed by Bem & Nicoll，1968). The precise reproductory significance 
ofchanges in PRL mRNA expression is unknown and further investigation is needed. 
On the other hand, two forms ofPRL mRNAs were observed and the 1.2 kilo bases 
specie was the dominant form. This observation agrees with the result of discovery of 
two different PRL cDNA clones from the cDNA library. 
It has been suggested that SL also plays a physiological role in the 
reproduction offishes. SL serum levels were reported of reaching to the peak at the 
time offinal maturation and spawning in both sexes of coho salmon (Rand-Weaver et 
al.，1992)，sockeye salmon and chum salmon (Olivereau & Rand-Weaver，1994). 
Such effect is not observed in this study on SL mRNA expression in goldfish. The 
serum SL levels in goldfish may also behave like the salmon SLs, however, the 
production of SL is seemed not to be controlled at the transcription level but on the 
translational or even the post-translation level. Whether it is the case or not, more 
investigations are required. 
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3.5 Conclusion 
From a goldfish pituitary cDNA library, two cDNAs were identified to encode 
two distinct GHs, gfGH I and II. Two distinct cDNAs encode the identical gfPRL and 
one cDNA encoding the gfSL were also identified from the cDNA library. Their 
nucleotide and deduced amino acid sequences were determined. The coding regions 
ofthe two gfPRL cDNA clones are predicted to encode an identical polypeptide with 
4 silent mutations, but they are different in their 3' UTRs. The two gfGH cDNA 
clones, however, encode two different polypeptides with 11 amino acid residue 
substitutions. Similar to other vertebrate GHs, gfGH II carries 4 cysteine residues; 
whereas gfGH I carries 5 cysteines (similar to other isolated carp GHs). For SL, there 
is only one prohormone sequence found in goldfosh according to the cDNA sequences 
so far determined. By comparison with their counterparts from other fish species, it 
was found that they share the high level of sequence identities. Moreover, these 
goldfish hormones share the common features as the members of growth hormone 
super family, including the existence of the conserved cysteins residues, four 
conserved domains and possibly the secondary structures. Identification oftwo gfGH 
and gfPRL cDNAs, together with the analyses of genomic DNA, suggests the 
presence oftwo different GH and PRL genes in the goldfish genome. The expression 
ofthe three hormone mRNAs were found in the pituitary of goldfish but not thebrain. 
PRL may play a physiological role in reproduction of goldfish, as pituitary expression 
ofPRL mRNA regressed after spawning. 
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CHAPTER 4 Expression of Recombinant Goldfish Growth Hormone, Prolactin 
and Somatolactin in Escherichia coli (E, coli) 
4.1 mXRODUCTION 
t 
Development of recombinant protein expression technology has been a 
landmark in the elucidation of protein structure and function. With the cloned gene, 
large amounts of protein can be expressed in either bacterial or eukaryotic system. 
Recently, biologically active recombinant GH and PRL of various origins had been 
synthesised with bacterial expression systems, including human GH (Ikehara et aL, 
1984), bovine GH O^angley et al.’ 1987)，carp GH (Fine et aL, 1993)，bass GH 
(Cheng, et al 1995)，human PRL (Faris et al” 1990) and tilapia PRL (Swennen et aL, 
1991). As the goldfish GHs, PRL and SL have been identified, the cloned cDNAs 
were introduced into a bacterial expression system which aims at producing the 
recombinant expressions of these hormones. 
Bacterial expression systems provide the economic and convenient aims for the 
.2+ 
biosynthesis of recombinant polypeptides. The pRSETA expression and Ni -
nitrilotriacetic acid s^TTA) purification systems are used in expression of the 
recombinant goldfish Growth Hormone (rgfGH), Prolactin (rgfPRL) and Somatolactin 
(rgfSL). Intentions were made to develop the methods to synthesize the biologically 
active recombinant hormones. This would provide the basis for the production of 
modified hormone homologues by the method of site-directed mutagenesis or by 
exchanges of homologous domains between hormones. Their biological behaviour 
would provide the information on structure to function relationship ofthe recombinant 
hormones. 
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4.2 Materials and Methods 
4.2.1 Materials 
E. coli. Strain JM109 F' endKl, recAl, hsdKl7(rXm^k), supE44, thil, gyrA, 
relAl, A(lac-proAB), r{traA36, proAB, /acIqZAM15}. 





pH adjusted to 7.4 with NaOH 
M9 minimal medium (for section 4.2.3) 
IX M9 salt solution 
20mM glucose 
0.00005% (w/v) thiamine 
lmMMgSO4 
O.lmMCaCl2 
M9 minimal agar (for section 4.2.3) 
1.50/0 (w/v) agar in M9 minimal medium 
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Colour Development Solution (for section 4.2.7) 
0.15mg/ml 5-bromo-4-chloro-3-indolyl phosphate (BOT) 
0.3mg/ml nitro blue tetazolium OSBT) 
100mM Tris-Cl pH 9.5 
lOOmMNaCl 
5mMMgCl2 
4.2.2 Construction of Expression Vectors Carrying the Hormone Coding 
Regions 
The cDNA fragment encoding the mature hormone was amplified by 
polymerase chain reaction 0"CR). The PCR cloning primers bear the restriction 
enzyme digestion sites (BamB. I & EcoR I) and were derived from the 5，and 3'ends of 
the mature hormone coding region based on the reported sequences (Table 4.1). The 
PCR product, which is equivalent to mature hormone coding region, was blunt-end 
ligated to the pUC18 plasmid for subsequent manipulations. The resulting cDNA 
fragment was released from the pUC18 vector by digestion with restriction enzyme 
BamH I and EcoR I，and then was recovered with Sephglas Bandprep Kit ^>harmacia) 
after agarose gel electrophoresis. The cDNA encoding the mature hormones were 
eventually ligated to the corresponding restriction sites on the pRSETA vector 
(Invitrogen). The resulting plasmid was used to transform E. coli JM109 F' cells. The 
reading frame ofeach constructs were examined using nucleotide sequencing. 
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Table. 4.1 List ofPCR Cloning Primers for amplification of the mature hormone 
coding regions. Primers sequences are designed according to the 5，and 3，ends ofthe 
mature peptide coding regions ofthe reported cDNA sequences. Restriction enzyme 
digestion sites are added to their 5’ regions which facilitated the cloning ofthe PCR 
products. The restriction enzyme digestion sites are: GGATCC : BamH I site; 
GAATTC : EcoR I site. GH5'and GH3'are primers for gfGH; CCPRL5' and 
CCPRL3' for gfPRL; GFV12PM5' and GFV12PM3' for gfSL(V12). 
Primer Nucleotide sequences Position References 



















Chenger al., 1996 
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4.2.3 Pilot Expression Experiment to Determine Kinetics of Expression 
JM109 F' cells harbouring the expression vector were maintained and grown in 
SOB medium with ampicillin (50 i^gy'ml). E. coli JM109 F' cell harbouring the vector 
was selected on M9 mimmal agar. Overnight culture (15ml) which was grown from a 
single colony was inoculated into 7.5ml medium and allowed to grow at 37�C until 
ODeoo reaches 0.3. The culture was then added with isopropyl-1 -thio-b-D-galactoside 
(n>TG) to a final concentration of lmM and allowed to grow for an addition hour. An 
aliquot ofthe culture (lml) was removed at this point as the zero time sample. Cells 
were then infected with M13/T7 phage (Invitrogen) at a multiplicity ofinfection (MOI) 
of 5pfu/ceU. Samples (lml) were removed from the main culture every hour. 
Simultaneously, an experiment ofthe same culture was proceeded without infection 
which was served as the uninduced control. Samples coUected were then analysed by 
SDS-PAGE. 
4.2.4 Large Scale Expression and Purification of Recombinant Hormones by 
N|2+-NTA Affinity Column (ProBond™ column, Invitrogen) 
Large scale expression was proceeded similar to the pilot expression 
experiment, except that the cells were cultured in 50ml SOB medium. The cells were 
harvested by centrifugation and suspended in 10ml guanidium lysis buffer (6M 
guanidine hydrochloride, 20mM sodium phosphate, 500mM sodium chloride, pH 7.8). 
The soluble portion was collected and loaded onto the ProBond™ column (Invitrogen) 
containing 2ml bed volume of resin which was pre-equilibrated with guanidium lysis 
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buffer. The bound protein was then washed with 4ml each of the Denaturing Binding 
Buffer (8M Urea, 20nM sodium phosphate, 500mM sodium chloride, pH 7.8) and 
Denaturing Wash Buffers (8M Urea, 20mM Sodium Phosphate, 500mM Sodium 
Chloride, pH 6.0 & 5.3). The protein was then eluted with 5ml Denaturing Elution 
Buffer (8M Urea, 20mM sodium phosphate, 500mM sodium chloride, pH 4.0). 
Protein content ofthe samples were determined as described (section 2.5.1) using the 
BCA Protein Assay Kit (Pierce, USA). 
4.2.5 Western Blotting of the Recombinant Hormones on Polyvinylidene 
Fluoride (PVDF) Membrane 
Samples ofNP^-NTA column eluates containing about 1 mg of total protein, 
together with a prestained protein marker (Gibco-BRL), were electrophorated on 
SDS-PAGE. After electrophoresis, the gel was removed from the electrophoresis 
apparatus. 3MM filter papers and PVDF membrane (Immobilon pSQ, Minipore) were 
cut to same size ofthe gel. The PVDF membrane was prewetted by first immersing in 
100% methanol, following by immersing in distilled water. The 3MM filter paper was 
wetted with transfer buffer (25mM Tris-Cl, 192mM Glycine, 20% Methanol, pH 8.3). 
Semi-dry transfer was processed on the PhastSystem (Pharmacia) for 1 hour at a 
constant current of 1mA per cm^ of membrane. The membrane was air dried and 
stored at 4°C. Prior to immunodetection, the membrane was prewetted by immersing 
in 100% methanol and then distilled water. 
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4.2.6 Dot Blot Immobilisation of the Recombinant Hormones on Nitrocellulose 
Membrane 
Dot blot protein immobilization was proceeded with the Bio-Dot 
Microfiltration Apparatus (Bio-Rad, USA). Nitrocellulose membrane (Amersham) 
was prewetted in TBS buffer (20mM Tris-Cl, 500mM NaCl, pH 7.6) for 5min and then 
put into the dot blot apparatus as instructed. Samples containing 0.5^ ig oftotal protein 
were loaded into the appropriated wells. Gentle vacuum suction was applied onto the 
membrane to remove the solute. Two washes of200ml TBS were applied to each well 
and were removed by suction. The membrane was then air dried and store at 4°C. 
Prior to immunodetection, the membrane was prewetted with distilled water. 
4.2.7 Detection of the Blotted Protein by Enzyme-linked Immunodetaction 
Method 
The prewetted, protein bound membrane was immersed in 5ml blocking 
solution (20mM Tris-Cl pH 7.6, 500mM NaCl, 0.1% Tween 20, 5% [w/v] skim milk 
powder) for 1 hour. Blocking solution was replaced with 5ml primary antibody 
solution (anti-grass carp GH monoclonal antibody, diluted 1: 1000 in blocking 
solution), in which the primary antibody was raised from mouse hybridoma and was 
provided by Dr. W.K.K. Ho and Mr. M.Y.K. Leung ODepartment of Biochemistry, 
Chinese University of Hong Kong). The membrane was incubated with swirling at 
room temperature for 1 hour and then washed in 50ml TTBS (20mM Tris-Cl pH 7.6, 
500mM NaCl, 0.1% Tween 20) twice for 15min each time. Polyvalent goat-anti-
mouse antibody (Pharmacia) conjugated with alkaline phosphatase was diluted 
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(1:1000) in 5ml blocking solution and was added to the membrane. The membrane 
was then incubated for 1 hour, followed by two washes in 50ml TTBS. The washed 
membrane was immersed in fresh colour development solution until the colour was 
developed. The reaction was stopped by rinsing the membrane in distilled water. 
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4.3 Results 
4.3.1 Construction of the Expression Vectors 
PCR was performed to amplified the hormone coding regions from the 
pBluescrpt cDNA clones. According to the cDNA sequences, the amplified fragments 
from the cDNA clones gfGH II and gfPRL 0>8A) should be about 560 base pair (bp) 
and 570 bp in length respectively. For gfSL, it should be about 650 bp, which was 
amplified from the cDNA clone V12. The result is shown in Fig. 4.1 • 
The commercial available prokaryotic expression vector, pRSETA (Schoepfer, 
1993; Invitrogen; Fig. 4.2), was used to construct the hormone expression vectors. 
PCR products amplified from the mature peptide coding regions ofthe three hormones 
were inserted into the vector with the restriction sites BamR I and EcoR I, as shown in 
Fig. 4.3. 
The plasmid constructs were first examined by BamH I / EcoR I restriction 
enzyme digestion, to verify the insertion ofthe hormone coding region. The release of 
inserted fragment with the appropriated size indicates the correct insertion into 
pRSETA. Fig. 4.4 shows the restriction map of the positive clones. The positive 
plasmid clones were named pRSETA-GH II, pRSETA-PRL and pRSETA-V12 after 
their corresponding cDNA clones. 
The reading frame of the expression vector constructs were confirmed by 
nucleotide sequencing of the expression cassette regions. Fig. 4.5 shows the 
sequencing autoradiogram representing the junction of the protein tag region and the 
mature hormone coding region. The deduced amino acid sequences revealed that 
additional peptide sequences would be added to the potential amino terminals of the 
hormones (after the poly-Histidine tag is removed by enterokinase digestion). 
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Additional peptide sequence, N-Asp-Arg-Trp-Gly-Ser-Ala-C, would be added to the 
potential amino terminal ofrgfGHII, N-Asp-Arg-Trp-Gly-Ser-Ile-Apn-Gly-C to that 
ofrgfPRL and N-Asp-Arg-Trp-Gly-Ser-C to rgfSL. 
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4 
Pig 4 1 Agarose (2%) gel electrophoresis profile of PCR products 
amplified from the mature hormone coding regions of the cDNA clones. From left to 
right: Lane 1: 100 base pair marker; lane 2: negative control; lane 3: GH II (gfGH II); 
lane 4: P8A (gfPRL) and lane 5: V12 (gfSL). 
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Pig 4 2 Diagrammatic presentation of the pRSETA expression vectors, 
A^  B and C. pRSET A is one of variants from the series with the desirable reading 
frame for subcloning of the goldfish mature hormone coding regions (adapted from 
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expression vector 
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Fig. 4.3 Diagrammatic presentation of PCR cloning. The mature hormone coding region 
was anq>Ufied ftom hormone cDNA using the specific primers bearing the restriction enzyme 
digestion sites. The DNA fragment of PCR product was modified by kinasing and restriction enzyme 
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Fig. 4.5 Electrophoresis 
profiles for nucleotide sequencing of 
the hormone expression vectors. 
Sequences of the potential N-terminus 
are read out and translated. The 
restriction cloning site BamR I 
(GGATCC) encoding the forth and 
fifth amino acid residues from the N-
terminal, Gly and Ser. The highlighted 
regions are the additional N-terminal 
peptides to the recombinant hormones. 
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4.3.2 Expression of the Recombinant Hormones 
Recombinant expression of the hormones were induced after the additions of 
n>TG and M13/T7 phage. The expression kinetics of the pilot expression experiment 
were followed by time course studies. After induction, enrichments were observed for 
the partitioning of proteins with the sizes of about 25 and 28 kilo Dalton (kDa) for 
rgfGH II expression, and 24 kDa for rgfPRL expression, as revealed by the time 
course studies which were analysed on SDS-PAGE (Fig. 4.6a). Expressions were 
found to reach the maximum levels after 5 hours of induction, and the protein levels 
remain the same overnight. In another pilot expression experiment of rgfSL also 
showed the enrichment ofa 27 kDa protein (Fig. 4.6b). 
4.3.3 Partial Purification and Analyses of the recombinant Hormones 
After NP^-NTA Column purification, 30 microgram per millilitre of culture 
(^ g/rrA) ofrgfGH II，4.98pig/ml ofrgfPRL, and 12.7pigAnl of rgfSL were yielded from 
50ml large scale expression cultures. Fractions from purification steps were collected 
and analysed by SDS-PAGE. Fig. 4.7 shows the purification profiles of recombinant 
hormones. Discrete bands correspond to the induced proteins were present in the lane 
of final eluates, as shown by the purification profiles which were analysed on SDS-
PAGE. Ghost protein bands ofhigh molecular weight (> 40 kDa) were observed in the 
2+ 
final eluates suggesting the presence of impurities with significant affinity to the Ni -
NTA affinity column. 
Partially purified recombinant proteins were analysed using immunoassay 
methods: western blot and dot-blot analyses. The protein samples were resolved on 
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SDS-PAGE and then transferred onto a PVDF membrane. An anti grass carp GH 
monoclonal antibody was used to detect the presence of GH like proteins which may 
bound on the membrane. Fig. 4.8 shows that only two discrete bands showed up. The 
areas corresponding to the PRL and V12 bands show no signals, suggesting that the 
antibody presented no cross hybridisation activity with these two proteins. 
Dot blot analysis was also performed with the same antibody (Fig. 4.9). Strong 
hybridisation signal appeared in the partially purified GH II，but only weak background 
was observed in partially purified portions of recombinant PRL, V12, control 




Time course of induction ofpRSETA e5q>ressed recombinant hormones. Saaaples 
n 15% SDS-PAGE gel and the proteins were visuaUsed with Coomassie Blue 
staining. For each lane, lO i^l of undiluted culture was loaded. Panel A: time course of recombinant 
gfGH n and gfPRL expressions. Samples were taken out 0，1，2，3, 4 and 5 hours after H>TG and 
M i s m phage induction and designated as TO，T1, T2, T3, T4 and T5, respectively. Note that the 
alternative batch of host, JM109, was used in time course study of recombinant gfPRL e3q>ression. 
Panel B and C: time course of recombinant gfSL (B) and gfGH H (C). Samples were taken out 
0(T0), icri), 5(T5) and overnight (TN) after induction of e3q>ression. PartiaUy purified 
recombinants (PX gfSL and gfGH H, were loaded sinmltaneously. Lanes marited with M are 
prestained, low range protein molecular weight standards (Gibco BRL). From top to bottom, they 
are: ovalbumin (43kDa), cart>onic anhydrase (29kDa), p-lactoglobuUn (18.4kDa), lysozyme 
(14.3kDa), bovine trypsin inhibitor (6.2kDa) and insuUn (3kDa) 
Fig. 4.7 Purification profiles of the recombinant goldfish hormones. 
Analyses were done on the 15% SDS-PAGE gels. For each lane, lO i^l of undiluted 
fraction was loaded. Proteins were visualised with Coomassie Blue staining. 
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Pig 4 8 SDS-PAGE and westem blot analysis of the partially purified 
recombinant goldfish hormones. The recombinant hormones were partially purified 
from the expression culture lysates with the NP"-NTA affinity column. About 1昭 
of total protein were loaded for each lane. Protein samples were blotted onto a 
polyvinylidene fluoride (PVDF) membrane and probed with the anti-grass carp 
monoclonal antibody, which is mouse hybridoma origin and was provided by Dr. 
W.K.K. Ho and Mr. M.Y.K. Leung ofDept. ofBiochemistry, CUHK. The probed 
proteins were visualised with alkaline phosphatase conjugated goat-anti-mouse 
polyvalent antiserum by incubation with the colour development solution containing 















































































































Fig 4 9 Dot blot analysis of the partially purified recombinant goldfish 
hormones using the Ni^ -^NTA Column • 1: control expression with the uncloned 
pRSETA plasmid; 2: recombinant gfGH II; 3: recombinant gflPRL; 4: recombinant 
gfSL; 5: negative control (distilled water). 
4.4 Discussion 
4.4.1 Construction of the Expression Vectors 
The commercially available prokaryotic expression vector, pRSETA, was 
employed in the construction of recombinant hormone expression vectors. The 
expression system was designed by introducing the idea of fusion protein expression 
into the T7 promoter/T7 RNA polymerase system which was described by Rosenberg 
et al. (1987) and Studier et al. (1990). Cloned DNA fragments would be expressed as 
protein with poly-histidine-tagged N-terminals. This affinity tag has been previously 
used to facilitate purification of fusion proteins by employing a Ni]+- NTA affinity 
column under denaturing conditions (Hochuli et al. 1988; Gentz et al. 1989; Janknecht 
et al 1991). The protein tag can be removed by employing enterokinse cleavage on 
the restrictive cleavage site ^^-Asp4-Lys-C), which states between the protein tag and 
the hormone. 
Restriction enzyme digestion was used as a mean of primary screening of the 
expression vector constructs. As the BamH I and EcoR I sites were uniquely 
introduced to the ends ofcDNA corresponding to the amino and carboxyl terminals of 
the protein (Fig. 4.3)，double digestion of the plasmid construct with the BarriH I and 
EcoR I should cause the release ofDNA fragment with the length corresponding to the 
hormone coding region. In addition, restrictive enzyme digestion with single enzyme 
(BamK I or EcoR I ) should give no fragments but linearized plasmid construct. The 
selected plasmid clones for recombinant expression showed these properties, and later 
they were verified by direct nucleotide sequencing. 
Xhe open reading frame of the expression cassettes were confirmed to be in 
frame with the protein tag coding region, as revealed by the result of nucleotide 
sequencing. According to the deduced amino acid sequences, additional amino acid 
residues were added to the potential recombinant hormones. Whether they would 
affect the refolding, their bioactivities of the hormones or just have no effects is 
unknown. Recombinant human GH (Ikehara et al.，1984), human PRL (Paris et a l , 
1990) and tilapia PRL (Swennen et al” 1991) expressed in E. coli with an extra amino 
terminal methionine retained their biological activities (Table. 4.2). However, 
bioactivity of a hormone, especially its receptor binding activity, relies greatly on its 
specific conformation. As mentioned in chapter 1，both bind sites ofhGH include the 
N-terminal portion of hGH helix A (near the N-terminus of the hormone). The 
presence of the additional peptide may alter the local conformation around the bind 
sites, therefore affects the bioactivity of the hormone. Although the effect of these 
additional peptides is unknown, however, if they do alter the properties of the 
recombinant hormones, the expression vectors may need re-design in order to remove 
these peptides. 
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Table 4.2 Summary ofbioactivities of some reported recombinant GHs and PRLs 
which were produced in prokaryotic expression systems. 
Recombinant 
hormones 
Bioassays and Results Remarks References 
Human GH Equal bioactivities to the natural GH 
in weight gain test and tibia test using 
hypophysectomized rats 
with additional amino 
terminal methionine 
Dcehara et al, 
1984 
Bovine GH Active as pituitary bovine GH in 
weight gain of hypophysectomised 
rats 
without additional amino 
terminal methionine 




Able to stimulate the proliferation of 
Nb2 lymphoma in mitogenic assay; 
Inhibit thymidine incorporation of 
3T3-F442A rat preadipocyte; 
Weight gain of common carpjuvenile 
12 % with additional amino 
terminal methionine; 
has somatogenic and 
lactogenic binding activities; 
Growth rate increased 38 % 
Finee/fl/., 1993~~ 
Sea Bass GH~" Replace the native tilapia GH in 
hapatic binding assay; 
Induction of trout hepatic IGF-I 
mRNA, 7-fold to the basal expression 
which was comparable to the effect of 
bovine GH 
Possibly with additional 




(Not Determined) Possibly with additional 
amino terminal methionine 
Song et al., 1988 
HumanPRL~ Able to stimulate the proliferation of 
Nb2 lymphoma in mitogenic assay 
with additional amino 
terminal methionine 




Replace labelled tPRL I from kidney 
membrane; 
No effects on mucus secretion and 
plasma osmolality 
with additional amino 
terminal methionine; 
suggesting the correct folding 
and partial retention ofthe 
bioactivity 
Swennen et al, 
1991 
4.4.2 Expression of the Recombinant Hormones 
Recombinant hormone was produced as fusion protein products with a leading 
peptide which carries a segment of poly-histidine sequence, which will add about 4 
kDa to the polypeptide sequence. The molecular weight of three goldfish hormones in 
native forms are estimated to be about 21(GH II)，20 (PRL) and 23 (SL) kilo deltaon 
(kDa). Thus their recombinant forms would be about 25 kDa for rgfGH II，24 kDa for 
rgfPRL and 27 kDa for rgfSL and agrees with the result of recombinant expressions. 
The recombinant proteins persist for an overnight period and seemed resistant 
to degradation. Protein degradation is a problem generally occur in prokaryotic 
heterogeneous gene expression (Schein, 1989). The recombinant hormones may have 
been deposited as inclusion bodies as a result of aggregation of rapid polypeptide 
synthesis (Mitraki, et al. 1991). The problem of protein solubility was solved by direct 
lysis of the bacterial culture in granidinium-HCl lysis solution. The poly-histidine 
segment provides the aim for the purification as it can bind on the NP+ -NTA affinity 
column. The poly-histidine protein tag complexes with NP^ with an extraordinary high 
affinity (dissociation constant on the order of 10"^ ^ ) at neutral pH even in 6 M 
guanidinium-HCl, 8M urea and nonionic detergents OHochuli et al. 1988). The lysates 
containing the fusion hormones were loaded directly onto the NP^ -NTA affinity 
column and the poly-histidine tag proteins bound to the column. After descending pH 
washes in the presence of 8M urea, the bound proteins were eluted with denaturing 
elution buffer, pH 4.0，containing 8M urea. This phenomenon permits purification of 
the recombinant hormone under denaturing conditions, i.e. in the presence of 
guanidinium salts. 
For unknown reasons, the expression level of recombinant PRL was very low 
as revealed by the kinetic profiles. However, in an earlier study, with the same 
expression plasmid construct ofpRSETA-PRL, but not the same batch of JM109 host 
cell, the recombinant PRL was expressed in a noticeable amount OFig. 4.6a). Perhaps 
the E.coli strain JM109 F' was not well maintained and gradually lost its F episome. 
Induction ofprotein expression relies on transfection of the host cell with recombinant 
M13 phage cloned with T7 polymerase gene under the control ofEPTG inducible Lac 
promoter, which requires the F' episome gene products. Induction ofexpression could 
have been reduced as a result ofthe loss of this episome. This should be considered in 
order to optimise the condition of recombinant expression. 
4.4.3 
Interestingly, as shown by the purification profiles of rgfGH II，two discrete 
bands showed up, indicating that two dominant forms of proteins exhibit high affinity 
to the column. The major band showed up with the molecular weight equivalent to the 
r 
expected rgfGH II (25kDa), and the other with larger molecular weight (about 
28kDa). This larger form had been suspected to be an alternative fusion protein which 
was risen from an unknown contaminating expression plasmid. This possibility was 
later eliminated because expression culture originated from isolated single colony also 
gave the same result. Westem blot analysis of these two bands (described in later 
section) shows that these two forms exhibit the similar immunoactivity with grass carp 
GH specific monoclonal antibody, suggesting they both are rgfGH 11. 
Possible explanations can be found in the stop codon and the host cell, JM109. 
The E coli strain JM109 carries the genotype supE44 which represents an amber type 
suppresser. Upon encounter to the stop codon UAG during translation of mRNAs, a 
glutamine may be integrated to the elongating polypeptide chain in stead of translation 
termination. Thus, in this case, translation continues until the ribosome reaches the 
next stop codon somewhere down stream. In the early experiment steps of PCR 
cloning, when the mature protein coding region of gfGH II and gfPRL were amplified, 
the original TAG (UAG for RNA) stop codon was included QFig. 3.4 & 3.6 in chapter 
3) and become a part of the PCR cloning primer sequences, which are located adjacent 
to the 3 ’ cloning site EcoR I ^ig. 4.11). Another TAG stop codon is located at about 
75bp down-stream from the EcoR I site, which was provided by the original vector 
(Fig. 4.10). Therefore, ifthe first TAG codon was missed, the region between the two 
stop codon would be translated (about 3kDa in molecular weight) and added to the C-
terminus ofthe fusion protein, resulting in a 28kDa rgfGH n variant. 
Similar situation is also applied to the expression plasmid pRSETA-PRL as the 
original TAG stop codon is used. Although, frame shift was found, due to the 
insertion of an adenine (A), by comparing the nucleotide sequences of PRL 3，PCR 
cloning primer (CCPRL3') and pRSETA expression cassette (Fig. 4.11), translation 
will eventually terminate upon encounter to another stop codon (TAA) beside the 
secondary TAG codon. The larger form of recombinant gfPRL is expected, but it 
could not been observed on the SDS-PAGE gel stained by Coomassie blue, which 
could be a result of low productivity. The more sensitive detection methods are 
required to verify this point, i.e. sUver staining method, or immunodetection methods 
using the PRL specific antibodies. 
Impurities presented in the partially purified recombinant hormones. Owing to 
the affinity of histidine residues to the Ni'" ions, suggesting that these impurities are 








to be superoxide dismutase (Kroll et a l , 1993), which is known to chelate a variety of 
divalent ions (Ose & Fridovich’ 1976), would give a 28 kDa band that similar to the 
sizes of the recombinant hormones. Fortunately, this phenomenon did not presence in 
this experiment, as no observable 28 kDa band was noted in a control expression 
experiment in which, the host cells harboured only the original, uncloned pRSETA 
plasmid (data not shown). 
The partially purified proteins are believed to be the expected recombinant 
hormones. First of all, they showed up as enriching proteins during expression as 
revealed by the pilot experiment for determination of expression kinetics; secondly, 
they are of expected sizes; thirdly, for recombinant GH II，the protein shows 
hybridisation activity with the monoclonal antibody which is specifically against the 
GH ofgrass carp, a goldfish related species. However, amino acid sequencing should 




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The expression vectors were constructed for the recombinant expression of 
goldfish GH, PRL and SL. The expressed recombinant hormones were partially 
purified and characterised. The use ofNi^^-NTA affinity column has demonstrated a 
powerful and convenient method in purification of poly-histidine tagged fusion protein. 
The expression level of recombinant hormones were varied, so that efforts should be 
concentrated on the optimisation of expression. The study results suggest that host 
cell with special genotypes may also pose influences on the expression ofrecombinant 
hormones. The partially purified hormones were believed to be equivalent to their 
natural homologues, as they were roughly characterised. However, their compatibility 
to the native hormones require further investigations, include the amino acid sequence 
determination, refolding ofthe proteins, receptor binding activities and in vivo studies. 
CHAPTER 5 General Discussion 
In the present study, cDNA clones encoding the hormones have been isolated 
from the goldfish pituitary cDNA library and characterized. The sensitive detection 
methods have been developed to isolate the hormone specific cDNAs from the library, 
and facilitate the genomic and physiological studies of the hormones in goldfish. The 
amino acid sequences ofthe hormones were deduced, from the nucleotide sequences, 
so as to compare with their homologues from other species, and thus provide the 
implication on molecular evolution and structure to function relationship studies. In 
this study, Goldfish is used as a model to study the function to structure relationship of 
the polypeptide hormones. 
The discovery and characterization of two distinct goldfish GH and PRL 
cDNAs implied the duplication of these two hormone genes within the goldfish 
genome which is probably due to tetraploidization of genome in cypriniformes, and so 
there might be two SL genes in goldfish. Intention was made to estimate the number 
of SL genes within the goldfish genome, but the studies could not lead to any solid 
conclusions. Duplication of genes would release the evolutionary pressure on the 
nucleotide sequence, or even amino acid sequences, temporarily and therefore allow 
the copies mutate rapidly until one of the sequences accumulate sufficient changes that 
alter its function from the original one, then the selective pressure will resume 0-ewin, 
1994). This mechanism accounts for the emergence of non-functional pseudogene and 
structure-function related gene family. The SL gene might have also been subjected to 
duplication while tetraploidization of cypriniformes and the search for the other SL 
gene is now in progress. Recently, 10 clones from the goldfish pituitary cDNA library 
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had their partial nucleotide sequences determined (data not shown). No significant 
difference was found among these clones. However, a cDNA clone which was 
hybridizable with the somatolactin probe (V12), is found of having the unrelated 
partial nucleotide sequence. This false positive clone might be the alternative SL 
cDNA specie or might encode a SL-like protein. 
The mature hormone coding regions have been subcloned from the cDNAs 
into the pRSETA expression vector and subjected to heterologous expression in E. 
coli. Prokaryotic system {E. coli.) and eukaryotic systems, baculovirus and yeast (P. 
pastoris) were the possible choices of expression system. Eukaryotic expression 
systems have been considered. They would be the better system for the expression of 
eukaryotic genes as they provide post-translation modifications and proper folding that 
bacteria do not, and usually the proteins are expressed in the proper cellular 
compartment that facilitate convenient recovery of the protein. However, expression in 
eukaryotic systems are more time consuming, expensive and sophisticated techniques 
is required. Correct modifications are not guarantee since these processes are varied 
among different cell types, although the necessities of some of the modifications, e.g. 
glycosylation, phosphorylation and N-terminal methionine removal, to the protein 
activities is uncertain. The prokaryotic system has been chosen. The reasons are : 1. 
ease of manipulation and rapid rate of growth; 2. ability to scale up production; 3. 
detailed knowledge of plasmid biology, promoter structure and function and 
translational initiation; and 4. the ability to solve expression problems using the 
detailed knowledge and variety of technologies available for this organism. However, 
the recovery ofbiologically active proteins following intracellular expression in E. coli 
has often to be problematic. Formation ofinsoluble inclusion bodies, the lack ofpost-
translational processes, (e.g. glycosylation, phosphorylation and methionine removal, 
etc.), protein misfolding and proteolysis are the most common drawbacks of the 
prokaryotic expression systems (Yarranton, 1992). Strong denaturants (e.g. urea, 
guanidium salts) and protein refolding protocols (e.g. dialysis) have been used to solve 
the problems of solubility and misfolding; protease defective strains and bacterial 
protein fusion expression systems were employed to minimize proteolysis. However, 
the problem of post-translational modification has not been solved with satisfaction. 
But these modification may not be necessary to the activities of the protein, as the N-
methionyl, unglycosylated, but correctly refolded and bioactive recombinant GHs and 
PRLs were reported (reviewed in chapter 4). 
Up to this stage, only the partially purified, unprocessed recombinant 
hormones were obtained. Attention will be given to optimize the level of expression. 
Genotype ofexpression host will be considered. For example, the TAG stop codon of 
gfGH n and gfPRL can be changed to TAA, in order to avoid the expression of the 
larger form of recombinant hormones in JM109 cells. Codon bias in E. coli can 
reduce expression significantly (Robinson et al., 1984). Moreover, secondary 
structure within the mRNA may also reduce expression fDelamarter et al., 1985). 
Therefore, reconstruction of the cDNA is required to maximize its A+T content while 
preserving the protein sequence it encodes and compromise with codon bias of the 
host. The poly-histidine tag will be removed with enterokinase cleavage, and the 
recombinant hormones will be further purified with Superdex G75 column 
chromatography which would serve the purpose of ensuring the proper folding of the 
hormones (Wemer et a l , 1994). Before the recombinant hormones are used for 
bioactivity testing, they will have their amino acid compositions, N-terminal sequences 
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and CD spectra determined to check their structures. Receptor binding assays will be 
also performed. In addition, the deletion mutants can also be used as primary ligands 
to screen for specific binding in goldfish tissues. These hormone fragments might 
possess unique and novel biological actions of their own. For example, the N-
terminal 16 kDa fragment ofrat PRL (a.a. 1-148), was found to have specific binding 
sites in capillary endothelial cells (reviewed by Sinha, 1995). As for the bioassays, 
recombinant GH and other mutant hormones can be assessed in vivo in goldfish by 
measuring the gain in body weight and length. Moreover, increase in production of 
plasma IGF-I or the expression of its mRNA in liver have also been the reliable 
indicators ofthe GH actions (Sakamoto & Hiroano，1993). PRL has been found to be 
capable of inducing hypercalcemia, which results from an enhanced calcium influx via 
the gills and a decreased calcium efflux (Flik et al.，1994). The bioactivities of the 
recombinant PRLs would be evaluated according to their abilities to induce 
hypercalcemia in goldfish and the influences on its plasma osmolarity. 
The development ofthese recombinant hormones will support the future works 
on fish physiology studies. In comparison to the native hormones, the bioactivities and 
receptor binding activities of these recombinants will be tested. Base on these 
knowledge, the hormones can be engineered, by mutation or deletion of amino acid 
residues, or domain exchanges. We can investigate, with the hormone homologues, 
the importance of an individual amino acid residue to a hormone. By employing the 
strategies of artificial mutation methods that have stated above, mutants of 
recombinant goldfish GH, PRL and SL can be tested on the model fish, i.e. goldfish. 
One ofthe most interesting aspects is the biological significance of the domain D, as 
this region is highly conserved, at least in goldfish, among the members of GH super 
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family, i.e. GH, PRL and SL. Moreover, the unpaired cysteine residues that were 
found in gfGH I is also of interest. The importance of this conserved residue that 
marks the type I fish GH is unknown. It may cause the formation of oligomers in E. 
coli recombinant expression ofthe hormone CBuchner & Rainer，1991; Fine et al, 
1993). The function(s) of SL is unknown. However, its target tissues may provide 
I 
implications on its physiological function(s). The recombinant SL can be used as a 
probe to investigate the tissue distribution of SL receptor, by determining its binding 
affinity to different fish tissues in vivo. Antibodies against gfSL can also be raised 
from the recombinant hormone to develop both qualitative and quantitative detection 
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